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PREFACE. 


The  present  volume  has  Ijeen  written  at  the  desire  on  the 
part  of  the  Publishers  that  a  new  elementary  treatise  on 
Physiology  should  be  added  to  theseriesof  ailmirablestudenta' 
manuals  which  they  had  previously  issued. 

In  carrying  this  desire  into  execution  I  have  endeavored 
to  avoid  theories  which  have  not  borne  the  test  of  time,  and 
such  details  of  methotls  as  are  unnecessary  for  junior  studeutd. 
I  do  not  give  any  history  of  how  our  knowleflge  has  grown  to 
its  present  stand-point ;  nor  do  I  mention  the  names  of  the 
autliorities  upon  whose  writings  my  statements  depend.  I 
have  also  omitted  the  mention  of  exceptional  points,  because 
I  find  that  exceptions  are  more  easily  remembered  than  the 
main  facts  from  which  they  differ ;  and,  since  we  must  often 
be  content  with  the  retention  of  the  one  or  the  other,  I  have 
tried  to  insure  that  it  shall  be  the  more  important. 

While  endeavoring  to  save  the  student  from  doubtful  and 
erroneous  doctrines,  1  have  taken  great  care  not  to  omit  any 
important  facts  that  are  necessary  to  his  acquirement  of  as 
clear  an  idea  as  possible  of  the  principles  of  Physiology. 

I  have  not  hesitated  to  lay  unwonted  stress  upon  those 
points  which  many  years'  practical  experience  as  a  teacher  and 
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an  cxamiher  ha«  sliown  me  are  difiBcult  to  grasp  and  are  com- 
raonly  misunden-tiKid  ;  and  I  have  treated  such  subjects  as  are 
useful  in  the  practice  of  medicine  or  surgery,  more  fully  than 
those  which  are  essential  only  to  abstract  physiological  knowl- 
edge. 

As  medical  students  are  generally  obIige<l  to  commence  the 
study  of  Physiology  without  any  anatomical  knowledge,  I 
believe  it  to  be  absolutely  necessary  that  their  first  physiologi- 
cal book  should  contain  some  account  of  the  structure  and 
relationships  of  the  organs,  the  functions  of  which  they  are 
about  to  study.  I  have  therefore  added  a  short  account  of  the 
construction  of  the  various  parts  discussed  in  each  chapter;  it 
has,  however,  been  found  necessary  to  curtail  this  anatomical 
portion  to  a  mere  introductory  sketch.  Numerous  illustrations, 
with  full  descriptions  attached  to  each,  are  introduced  to  suji- 
plement  the  explanation  given  in  the  text. 

So  far  as  is  consistent  with  an  accurate  treatment  of  the  sub- 
ject, I  have  avoided  technical  terms  and  scientific  modes  of 
expression.  I  know  that  in  attempting  to  explain  pliysiologi- 
oal  truths  in  every-day  language  and  in  a  plain  common-sense 
way,  I  run  the  risk  of  appearing  to  lack  the  precision  that 
such  a  subject  demands ;  but  after  mature  consideration  1  have 
come  to  the  conclusion  that  great  scientific  nicety  and  a  scho- 
lastic style  of  expression  have  a  deterrent  effect  upon  the  be- 
ginner's industry' ;  and  I  think  it  better  that  he  should  acquire 
the  first  principles  of  the  science  in  homely  language,  than  pick 
up  technical  odds  and  ends  in  learned  terras,  the  meaning  of 
which  he  does  not  comprehend. 

As  many  words,  strange  to  the  first  year's  student,  have  to 
be  used  and  must  be  learned,  it  has  been  thought  advisable  to 
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add  a  short  glossary,  contaiDing  an  explanation  of  the  most 
ordinary  physiological  expressions. 

Great  difficulty  is  always  found  in  fixing  upon  a  starting 
j)oint  at  which  to  begin  the  study  of  Physiology.  To  begin 
with  the  circulation  of  the  bkwd,  which  is  so  essential  for  the 
life  of  every  tissue,  one  should  have  some  knowledge  of  nerve 
and  muscle.  To  begin  with  nerves  and  muscles  the  mechan- 
isms and  the  uses  of  the  blood  current  should  be  understood  ; 
and  so  on  throughout  the  various  systems,  which  are  so  inter- 
dependent that,  for  the  thorough  comprehension  of  any  one,  a 
knowledge  of  all  is  required. 

I  have,  therefore,  adopted  the  time-honored  plan  of  com- 
mencing with  the  vegetative  systems  and  following  the  course 
of  the  aliments  to  their  destination  and  Hnal  application,  as  I 
believe  that  this  arrangement  in  open  to  as  few  objections  as 
any  other  known  to  me. 

I  wish  here  to  express  my  most  cordial  thanks  to  many 
friends  who  have  aided  me  with  kind  assistance  and  advice. 
I  am  deeply  indebte<l  to  Mr.  W.  Tyrrell  Brooks  for  the  great 
help  he  affordetl  me  by  compiling  the  chapters  on  Develop- 
nieot;  and  I  feel  I  cannot  sufficiently  thank  Mr.  E.  F.  Herroun 
for  his  untiring  and  valuable  assistance  in  the  revision  of  the 
proof-sheets. 

To  Mr.  G.  Hanlon  I  am  indebted  for  the  careful  and  skilful 
manner  in  whicli  he  has  executed  the  new  woodcuts,  most  of 
which  he  had  to  copy  from  my  rough  drawings. 


Kino's  CoLLBOE,  LoxDOK,  January,  1884. 


CHAPTER  I. 

Thx  0BJXCT8  OF  Phtbioloot. 

PAom 

Introductory  Definitions, 17 

Structiiml  and  Physical  Properties  of  Organisms,  .        .20 

Chemical  Composition, 21 

Vital  Phenomena, 23 

CHAPTER  II. 

Gemkbai.  View  of  tbe  Strdcturi:  op  Akimai.  Obgamismb. 

Cells, 25 

Protoplasm,  Nucleus,  Cell-wall, 27 

Cell-contents 29 

Varieties  of  Cells 30 

Modifications  of  OriginnI  Cell-tisHues, 32 

I.  Epithelial  Tissues, 35 

n.  Nerve  Tissues, 39 

III.  Muscle  or  Contractile  Tissues, 42 

IV.  Connective  Tissues 46 


CHAPTER  III. 
Cbemical  Basis  op  the  Body. 

El«9nenl»  in  the  Body, 54 

p-CUaidcation  of  Ingredients  found  in  Uie  Tiiwut«,  .56 

Pluonata 56 

I  Albuminous  Bodies 59 

Oaasifcntion  of  Albumins, 60 

.^Ibuminuiils Ii3 


XII  CONTENTS. 

PAOE 

Products  of  Tiosue  Change, 65 

Carbohydrates, 69 

Fats, 71 

Inorganic  Bodies 71 

CHAPTER  iV. 

The  Vital  Chabacters  of  Oboanisms. 

Protoplasmic  Movements, 74 

Reproduction, 78 

Bacteria, 81 

Amoeba, 83 

Paramaecium, 86 

CHAFTER  V. 

Nutrition  and  Food  Stuffs. 

Classification  of  Foods, 91 

Composition  of  Special  Forms  of  Food, 93 

Milk, 95 

Cheese,  Meat,  Eggs,  et&, 97 

VegeUbles, 99 

CHAPTER  VI. 

The  Mechanism  or  Dioebtion. 

Mastication, 104 

Deglutition, 106 

Nervous  Mechanism  of  Deglutition, Ill 

Vomiting, 115 

Movements  of  the  Intestines,        .  • 117 

Defecation, 119 

Nervous  Mechanism  of  the  Intestinal  Motion, 121 

CHAPTER  VII. 

Mouth  Dioestion. 

Salivary  and  Mucous  Glands, 125 

Characters  of  Mixed  Saliva, 129 


MOB 

NervouB  Mechanism  of  Secretion  of  Saliva, 130 

Changes  in  the  (tlaud-celle, 137 

FiiDctiona  of  the  Saliva, 140 


CHAPTER  VIII. 

The  BroMAcn  Dioestion. 

The  Gastric  Glands, 143 

The  Characters  of  Gastric  Juice, 145 

Mode  of  Secretion  of  GBBtric  Juice, 147 

Action  of  the  Gastric  Juice,         .        .         .  .        .  .149 

CHAPTER  IX. 

Paxcbeatto  JmcK. 

bctare  of  the  Pancreas, 155 

Cliaracters  and  Mode  of  Secretion  of  Pancreatic  Juice,       .  .156 

Changes  in  the  Gland-cetis, 158 

Action  of  Pancreatic  Juice  on  Proteids 160 

Action  on  Fats, 161 

Action  on  Starch, 162 


CHAPTER  X. 

Bile. 

Functions  of  the  Liver, 103 

Strucliirc  of  tJie  Liver 164 

CoroponitioD  and  Method  of  obtaining  BUe, 169 

Metho<l  of  Secretion  of  Bile 173 

Functions  of  the  BUe 175 


CHAPTER  XI. 

FlTNCTIONS  OF  THE  IXTESTIHAI.  MUCOlTa   MeMBBANE. 


•  Structure  of  the  Small  Intestine^, 
Metiiod  of  obtaining  Intestinal  Secretion,    . 
Characters  and  Fiinctiono  of  the  Intestinal  Juice, 
FuDctioDS  of  the  Large  Inteftine, 
Putrefactive  Fermentations  in  the  Intestine, 


178 
180 
181 
18.^ 
184 


XIV  CXJMTENTB. 

CHAPTER  XII. 

Absobption. 

PAOB 

Interstitial  Absorption, 186 

The  Lymphatic  System 187 

Structure  of  Lymphatic  Glands, 190 

Intestinal  Absorption, 195 

Mechanism  of  Absorption, 198 

Materials  Absorbed, 200 

Lymph  and  Chyle, 203 

Movement  of  the  Lymph 205 

CHAPTER  XIII. 

Thk  Constitution  of  the  Bi/>od  and  the  6ix>oi>-pi.a81[a. 

General  Characters  of  the  Blood 210 

Amount  of  Blood  in  the  Body 211 

Physical  Construction  of  the  Blood,  Blood-plasma,     ....  213 

Chemical  Composition  of  Plasma, 216 

Preparation  and  Properties  of  Fibrin, 218 

Serum,.                218 

CHAPTER  XIV. 

Blood-Cobpuscles. 

Proportion  of  Red  to  White, 220 

White  Blood-cells, 221 

Origin  of  the  Colorless  Blood-cells, 223 

The  Bed  Corpuscles,  Sizes  and  Shapes, 224 

Action  of  Reagents  on  Red  Corpuscles, 227 

Method  of  counting  Corpuscles, .  230 

Chemistry  of  the  Coloring  Matter  of  the  Blood 231 

Spectra  of  Hiemoglobin 234 

Hwnatin, 236 

Development  of  the  Red  Disks 237 

The  Gases  of  the  Blood, 239 

CHAPTER  XV. 

Coagulation  of  the  6i<ood. 

Formation  of  the  Blood-clot, 241 

Circumstances  influencing  Coagulation,        ..*....  244 


CONTENTS. 


TV 


PAG  I 

The  Cwue  of  Coiignlatioo, 245 

Coagnlalioo  in  the  Vessels, 247 

Formation  of  Fibrin, 248 


CHAPTER  XVI. 


^B     ABk 


Tbe  Heart. 


Pulmonary  and  Systemic  Circulations, 2.51 

Method  of  the  Circulation  of  the  Blood 252 

The  Heart, 256 

Arrangement  of  Muscle  Fibres, 256 

Minnie  Structure  of  the  Heart 258 

.\ction  of  the  Valves, 260 

MovemenlB  of  the  Heart, 262 

Cycle  of  the  Heart-beat, 263 

The  Heart's  Impulse, 266 

Heart-sounds, 261> 

Innerraticm  of  the  Heart, 271 

Local  Centres 272 

Inhibitory  Nerves, 276 

Acceleration  Nerves,    ........  277 

Aflereat  Cardiac  Nerves, 278 


CHAPTER  XVII. 
The  Bloodvessels. 


Structure  of  the  Vessels, 279 

The  Capillaries 281 

Relative  Capncity  of  the  Vessels, 283 

Physical  Forces  of  the  Circulation 285 

The  Blood-pressure, 287 

Mensurement  of  Blood-pressure, 291 

Varialions  in  the  Blood-pressure, 295 

Influence  of  Respiration  on  the  Blood-pressure, 207 

The  Arterial  Puke, 302 

Methods  of  obtaining  Pulse-tracings, 304 

Variations  in  the  Pulse, 307 

Velocity  of  the  Blood-current, 308 

Controlling  Mechanisms  of  the  Bloodveasels, 312 


XVI  CONTENTS. 

CHAPTER  XVIII. 

The  Mechadtism  of  Bebfibation. 

PASS 

Gas  Interchange, 318 

Structare  of  the  Lungs  and  Aiivpassages, 321 

The  Thorax,         .' 324 

Thoracic  Movements, 326 

Inspiratory  Muscles 329 

Expiration 332 

Function  of  the  Pleura, 334 

Pressure  Differences  in  the  Air, 336 

The  Volume  of  Air, 337 

Nervous  Mechanism  of  Bespiration, 339 

Modified  Bespiratory  Movements 345 

CHAPTER  XIX. 

The  Chemistbt  of  Bbsfiratiok. 

Composition  of  the  Atmosphere, 347 

Expired  Air, 348 

Changes  the  Blood  undergoes  in  the  Lungs 350 

Oases  in  the  Blood, 352 

Internal  Bespiration, 356 

Bespiration  of  Poisonous  Gases, 356 

Ventilation 367 

Asphyxia 358 

CHAPTER  XX. 

Blood-Elaboratino  Glauds. 

Ductless  Glands, 361 

Supra-renal  Capsule, 362 

Thyroid  Body 363 

Thymus 364 

Spleen, 364 

Functions  of  the  Spleen, 366 

Glycogenic  Function  of  the  Liver, 369 

Glycogen 372 


I 

CONTENTS, 

xvu 

1 

CHAPTER  XXI. 

i 

Lachrynml  Glands, 
Mucous  Glands,    . 

Secrktions. 

• 

PARE 

374 
375 

Sebuceoiis  Glands, 

377 

Mammary  Glands, 
Composilion  of  Milk,    . 
Sudoriferous  Glands,     . 
Cutaneous  Desquamation, 

378 
380 
383 
385 

CHAPTER  XXII. 

Urinary  Excrptios. 

Structure  of  the  Kidneys 388 

Bloodvessels  of  the  Kidneys 389 

Urine, 391 

Method  of  Secretion  of  ilie  Urine 393 

Chemical  Compoeition  of  the  Urine, 397 

U«», 398 

Uric  Acid, 399 

Kreatinin,  Xanthin,  ilippuric  Acid,  etc., 400 

Coloring  Matters  and  Inorganic  Salts, 401 

Abnormal  Constituents, 403 

Urinary  Calculi, 404 

Source  of  Urea,  etc. 405 

Nervons  Mechanism  of  the  Urinary  Secretion, 407 

Outflow  of  Urine 408 

Nervous  Mechanism  of  Micturition 411 

CHAPTER  XXIII. 

Nutrition. 

Tissue  Changes  during  Starvation; 414 

Food  Requirements, 417 

Ultimate  Uses  of  Food-stuffi 423 


CHAPTER  XXIV. 
An'imal  Heat. 

Warm-  and  Cold-blooded  Animals, 425 

Variations  in  the  Body  Temperature, 426 


XVIU  CONTENTS. 

PAas 

Mode  of  Production  of  Animal  Heat, 428 

Income  and  Expenditure  of  Heat, 429 

Maintenance  of  Uniform  Temperature, 432 

CHAPTER  XXV. 

COMTRACTILE  TISSUES. 

Histology  of  Muscle 439 

Properties  of  Muscle  in  the  Passive  State, 442 

Klectric  Phenomena  of  Muscle, 445 

Active  State  of  Muscle, 448 

Muxcle  Stimuli ■        .        .        .        .  449 

Changes  occurring  in  Muscle  on  its  entering  the  Active  State,    ■        .  452 

Muscle  Contraction, 467 

Graphic  Method  of  recording  Contraction, 458 

Tetanus,  Fatigue,  etc., 465 

Rigor  Mortis 471 

Unstriated  Muscle, 473 

CHAPTER  XXVI. 

The  Application  of  Skeletal  MiracLBB. 

General  Arrangements 474 

Joints, 475 

Standing, 478 

Walliing  and  Running, 481 

CHAPTER  XXVII. 

Voice  and  Speech. 

Anatomical  Sketch, 483 

Mechanism  of  Vocalization, 486 

Properties  of  the  Human  Voice,  . 488 

Nervous  Mechanism  of  Voice, 491 

Speech, 491 

CHAPTER  XXVIII. 

Genebal  Phtsiolooy  of  the  Nbbvous  Ststev. 

Anatomical  SIcetch, 494 

Functional  Classification '      .        .        .        .  496 

Chemistry  and  Electric  Properties  of  Nerves 498 


PAOC 

Tbe  Active  State  of  NerTe-fibre!« 499 

Nerve  Sliaiiili ....  499 

Velocity  of  Nerve-impulue, 602 

The  Electric  Changes  in  Nerves, 504 

RIectrotonus, 604 

Irriuibiliiy  of  Nerve-6bres 506 

Law  of  Contrnclion, 609 

Nerve  Cori>u»clea  nnd  Tenuiottls, 511 

Fnnctioiw  iif  the  Nerve  fells, 513 


CHAPTER  XXIX. 

SIPBCIAL   PHYSIOtOOr  OK   NeRVRS. 

Spinal  Nerves 617 

The  Cranial  Nerves 818 

The  Trochlear  Nerve 521 

Portio  Dura,  etc., 522 

Efferent  and  Afferent  Fibres 524 

Gani^lia  of  the  Fifth  Nerve, S20 

The  tilosso-pharyngeal  Nerve, 527 

The  Vagus  Nerve, 62 

The  Hypoglossal  Nerve, 531  ' 


Skin  Sensations,  . 
Nerve  Endings,  . 
Sense  of  Locality, 
Sense  of  Pressnre, 
Tem|)eniture  Sense, 
General  Sensations, 


CHAFrER  XXX. 

Spbcul  Senses. 


63S 

636 
539 
542 
i543 
545 


CHAPTER  XXXI. 

Tastb  aud  Smelu 

Benw  of  Taste, 548 

Sense  of  Smell 561 


XX  CONTENTS. 

CHAPTER  XXXII. 
Vision. 

rAOB 

The  Construction  of  the  Eyeball 555 

Dioptric  Media  of  the  Eyeball, 558 

Structure  of  the  Lens, 560 

The  Dioptrics  of  the  Eye; 562 

Accommodation, 568 

Defects  of  Accommodation 571 

Defects  of  Dioptric  Apparatus, 4  572 

The  Iris 574 

The  Ophthalmoscope 577 

Visual  Impressions, 578 

The  Function  of  the  Retina 679 

Color  Perceptions, 586 

Mental  Operations  in  Vision 589 

Movements  of  the  Eyeballs 590 

Binocular  vision, 592 

CHAPTER  XXXIII. 

Hearimo. 

Sound 594 

Conduction  of  Sound  vibrations  through  the  Outer  E^r,      .        .        .  598 

Conduction  through  the  Tympanum, 601 

Conduction  through  the  Labyrinth, 603 

Stimulation  of  the  Auditory  Nerve 607 

CHAPTER  XXXIV. 

C^NTEAL   NeRVODS  OrOAUS. 

Nerve  Cells 611 

The  Spinal  Cord  as  a  Conductor, 614 

The  Spinal  Cord  as  a  Collection  of  Nerve  Centres,  .        .        ,616 

Special  Reflex  Centres 625 

Automatism 626 

CHAPTER  XXXV. 

Thk  Medulla  Oblongata. 

The  Medulla  Oblongata  as  a  Conductor, 628 

The  Respiratory  Centre, 630 


XZ1 


PAOE 

The  Vuo-iziotor  Centre 632 

The  Cardiac  Centre 634 

CHAPTER  XXXVI. 

The  Braik. 

The  Mesencephalon  and  Cerebelhim 637 

Crura  Cerebri, 640 

Boaal  Ganglia, 641 

Cerebral  IIeniia|iheres, 644 

Lucalixalion  of  the  Cerebral  Functions 646 


CHAPTER  XXXVII. 

Reproduction. 

Origin  of  Male  and  Female  Generative  Elements, 
Menstruation  and  Ovulation,       .... 
Changes  in  the  Ovum  siibtsequent  to  Inapregnation, 

Formation  of  the  Membranes 

The  PlacenU 


650 
653 
666 
660 
666 


I 


CHAPTER  XXXVIII. 
Devzxopmemt. 


Development  of  the  Vertebral  Axis, 671 

Development  of  the  Central  Nervous  System, 677 

The  Alimentary  Canal  and  its  Appendages, 683 

The  Genito-urinary  Apparatus 689 

The  Blood-vascular  System, 696 

Development  of  the  Eye, 710 

Development  of  iJic  Ear, 715 

Development  of  the  Skull  and  Face, 718 


723 


787 


OOHPARCSON  OF    MEASURBB. 


ZXIII 


■i 


I 


Ssrrr: 


"•  o  -«  -  s  ; 


I  !  !  i 


;  B5? 
!  aa.- 


c^r- =^?  dS  ^  tr 

« -- i^  —  5»  p -^  f5 
*  w  li  1"  !■;  S;  — -3 


S'ij"- 

^  -i  3  S.  ^  —  —  O 
P  ft. «  -.1  3  it  ^  - 1 


}££>»<£• -Sc^*' 


|5 
5s: 


I 


off  p. 


I 


c'  r 

B  ^  -         ^     ■ 


r 

11 

j  i 

i     1 

t 

:    :    i 

i  i  i 

!  :  : 
i  !  : 

:  :  '. 

f 
n 

a 

P 


o 


O 
O 


H 


O 
n 


2 
r 


H 

B 

H 
W 


O 

S 
W 

> 

CO 


^ 


XZIV 


COMPA BISON  OF   MEASURES. 


o 


6 

i| 
1 


OO 


•<  I 


o 


u 


oooocooo 


o  o  e  tf  c:  o  cl 


:   i   : 


B,  bL  ^  k,  X>  —   JF 

r:  ^  •-  c  oe  -^  S'tt' 


CORRESPONDING  DEGREES  IN 

THE  FAHRENHEIT  AND 

CENTIGRADE  SCALES. 


Fahr. 


Cent. 


800"  2800.0 

450"  !fa2°.2 

400°  20«o.4 

850°  1760.7 

J00°  148°.9 

212°  100°.0 

210°  99°.9 

a05°  96°.l 

200°  98°.8 

196°  90°.6 

190°  87°J1 

186°  tSPJH 

180°  82°.2 

175°  790.4 

170°  760.7 

Ift-iO  730.9 

180°  710.1 

186°  (W.3 

130°  S50.5 

145°  820.8 

140°  eoo.o 

188°  S7».2 

ISno 540.4 

laso  51°.7 

120'  4S°.9 

115°  4«°1 

1 100  430  J 

105°  40°.5 

100°  ~...  S7°8 

96°  88°* 

90°  32°.2 

86°  2»°.4 

80°  26°.7 

75°  230.9 

70°  21°.l 

«50  18°.8 

80°  15°  Ji 

65°  ~...  12°.8 

50°  10°.0 

45°  70.2 

«f>  „....  4°4 

86° 10.7 

82°  ...._  0°.0 

80°  —  10.1 

26°  —  30.9 

20°  —  6°.7 

15°  —  SP.4 

10° —120.2 

50  — 15°.0 

0° — 17°.8 

—  8° -200.5 

—10°  — 2S°.S 

—15° — 2«o.l 

—20°  — 28°.9 

—58°  — Sl°.7 

—30°  — 8«o.4 

—85°  — 37°.2 

—40°  — 40°.0 

— J80  —420.8 

—60°  — 150.S 


Cent. 


Fahr. 


100" 2120.0 

900  20HO.4 

9»o  204°.8 

MO  2010.2 

920 isryo.e 

90O  19400 

88°  190O.4 

86°  18(|08 

84°  183°.2 

82°  17»°.6 

80°  17«o.O 

78°  1720.4 

76°  1580.8 

740  1950.2 

72°  161°.6 

70°  I88O.O 

680  1540.4 

««o  150O.8 

MO  1470.2 

620  1430.6 

60°  140°.0 

88°  1S»°;4 

66°  1S2°4 

84«'  129°.2 

52°  12S°.6 

60°  1220.0 

48°  II80.4 

4B0  1140.8 

440  1110.2 

420  1070  g 

40O  104°.0 

380  1000.4 

36°  96°.8 

»»o  9302 

320  8905 

30°  860.O 

28P  820.4 

360  780.8 

240  ..._.  750.2 

220  710.6 

200  68".0 

18"  64M 

16°  6O0.8 

14"  57«.2 

12»  83«.6 

lO"  SOo.O 

8'  46».4 

6»  42«.8 

4"  8e'.2 

V    S5».6 

Of  82'.0 

—  2»  28*.4 

-  4*  24«.8 

—  6"  21".2 

-  8«  17*.6 

-10»  U».0 

— 12«  10O.4 

— 14»  60.8 

—16"'  S».2 

-IS*  -VA 

—30"  — 4».0 


MANUAL  OF  PHYSIOLOGY. 


CHAPTER  I. 


THE  OBJECTS  OF  PHYSIOLOGY. 


Biology,  the  science  which  deals  with  living  beings  nnil  the 
phenomeua  exhibited  by  them,  may  be  divided  into  two  great 
branches,  viz. : 

1.  Morphology,  which  treats  of  the  forms  and  structure  of  the 
bodies  of  living  creatures. 

2.  Physioldgy,  which  attempts  lo  explain  the  modes  of  activity 
exhibited  by  them  during  their  lifetime,  and  may,  therefore,  be 
defined  as  the  science  which  iiivostiu:ntes  the  phenomena  presented 
by  the  textures  and  organs  of  healthy  living  beings;  or,  in  short, 
the  study  of  the  actions  of  organisms  in  contradistinctiou  to  that 
of  their  shape  aud  structure. 

The  organic  or  living  world  is  naturally  divided  into  the  An- 
imal and  Vegetable  kingdoms.  We  have,  therefore,  both  animal 
and  vegetable  morphology  and  physiology.  In  studying  the  veg- 
etable kingdom,  the  form  aud  the  structure,  as  well  as  the  activity 
of  plants,  are  associated  together  iu  the  science  known  as  Botany. 
The  physiology  of  plants  may,  therefore,  here  be  omitted ;  though, 
indeed,  it  cannot  be  neglected  in  considering  the  processes  be- 
longing to  animal  life.  On  the  other  hand,  the  morphology  and 
the  physiology  of  animals  are  commonly  taught  separately,  and 
in  the  medical  curriculum  are  made  distinct  subjects. 

Morphology  properly  includes  the  external  form,  the  general 
construction  or  anatomy  of  organisms,  and  the  minute  structure 
of  their  textures  as  revealed    by    the  microscope.     This   latter 


18 


MAMOAL  OF   PHYSIOLOGY. 


brnncli  of  study,  under  the  name  Histology,  has  now  developed 
into  a  very  wide  subject,  which  is  inseparable  from  either  physi- 
ology or  anatomy.  In  this  country  histology  is  commonly 
taught  in  the  medical  schools  with  physiology,  for  while  the  time 
of  the  teachers  of  morphology  is  occupied  in  expouudiug  the  de- 
tails of  descriptive  anatomy,  the  microscope  is  in  everyday  use  in 
the  jihysiologieal  Inlxiratory.  Moreover,  lui  adequate  knowledge 
of  microscopic  methods,  and  of  the  various  form-elements  of  the 
different  textures  of  the  body  is  one  of  the  first  essentials  for  phy- 
fliological  study. 

As  the  different  actions  of  the  body  are  performed  by  different 
tissues,  which  in  the  higher  animals  are  grouped  together  aa  dis- 
tinct organ's,  a  general  idea  of  the  position  anil  construction  of 
these  ditTerent  parts  of  the  body  must  be  acquired  before  the 
study  of  physiology  cau  be  commenced.  Anatomy  and  general 
morphology  are  the  frameworks  upon  which  physiological  knowl- 
edge is  built  up.  Some  knowledge  of  these  subjects  must  there- 
fore precede  the  study  of  physiology,  in  order  that  the  student 
may  be  in  a  position  to  grasp  oven  the  simplest  facts  connected 
with  any  physiological  question. 

We  shall  soon  find  that  the  assistance  of  other  sciences  is  also 
indispensable  to  physiology.  Thus  every  action  of  a  living  texture 
or  tissue  is  accompanied  by  some  chemical  change,  the  chemical 
process,  in  fact,  being  commonly  the  essential  part  of  the  phe- 
uomeuon.  The  btudent  of  phy-siology  must,  then,  know  something 
of  the  science  of  chemistry  ;  indeed,  the  mode  of  action  of  chemi- 
cal elements  forms  quite  as  important  a  groundwork  for  the 
8tu<ly  of  the  activity  of  the  living  tissues  as  their  general  form 
or  minute  structure. 

Further,  the  laws  which  govern  the  motions  of  inanimate  bodies 
also  control  the  actions  of  living  tissues,  for  we  cannot  claim  to 
understand  or  recognize  the  existence  of  any  laws  affecting  living 
organisms  other  than  those  known  to  be  applicable  to  dead  matter. 
There  are  a  great  number  of  activities  shown  by  living  textures 
which  we  cannot  explain  by  the  recognized  laws  of  nature.  We 
therefore  use,  for  convenience  sake,  the  term  "  vital  phenomena," 
tu  iQ<licatc  processes  which  are  beyond  our  present  chemical  and 
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phjfical  knowledge.  Id  using  tbia  term  we  must  not  think  it 
implies  a  separate  set  of  laws  of  life.  We  cannot  discover  or  for- 
mulate any  special  laws  affecting  living  beings  only,  and  therefore 
we  must  not  assume  that  any  such  exist.  We  must  rather  en- 
deavor to  explain  all  the  so-called  "  vital  phenomena  "  by  meana  of 
the  laws  known  to  chemists  and  physicists.  By  this  means  we 
shall  certainly  get  a  closer  insight  into  the  processes  of  life,  and 
if  there  be  laws  govcruiug  the  living  beings  we  may  learn  to  know 
them.  This  method  of  working  has  already  given  good  resulLs, 
for  within  comparatively  recent  times  many  of  the  processes  which 
were  regarded  as  specially  vital  iu  character  have  been  shown  to 
be  within  the  power  of  the  experiinenter  and  to  depend  on  purely 
physico-chemical  processes. 

It  is  therefore  necessary  for  the  physiologist,  before  he  attempts 
to  explain  the  activities  of  any  organism,  to  be  familiar  with  not 
only  the  structure  of  its  body  but  also  the  various  laws  which,  as 
chemists  aud  physicists  teach  us,  control  the  operations  of  inani- 
mate matter. 

The  sciences  of  chemistry  and  physics  may,  in  fact,  be  regarded 
as  the  physiology  of  inorganic  matter,  just  as,  when  chemistry  and 
physics  are  applied  to  the  elucidations  of  the  functions  of  living 
creatures  by  the  biologist,  the  study  is  called  pliysiology.  When 
wc  consider  how  far  the  chemi.st  and  the  physicist  still  are  from 
thoroughly  grasping  aud  iuterjiretiug  all  the  phenomena  presented 
by  the  various  kinds  and  conditions  of  matter,  we  cannot  be  sur- 
pris«4l  that  those  who  attempt  to  explain  the  actions  of  living  be- 
ings find  many  processes  that  they  are  unable  to  comprehend. 
But  while  physiologists  frequently  make  use  of  the  convenient 
term  "  vital  phenomena,"  they  do  not  thereby  imply  the  existence 
of  a  special  living  force  or  any  kind  of  energy  peculiar  to  living 
creatures. 

The  final  end  of  physiology  is,  then,  not  yet  within  the  reach 
of  our  modern  methods  of  research.  To  explain  the  mode  of  ac- 
tivity of  living  beingtj,  aud  grasp  the  e.tact  relation  boruo  by  their 
living  phenomena  to  the  laws  which  govern  them,  is  a  task  of 
eiiornious  difHculty.  Indued  the  niuuifestatioiis  of  certain  ener- 
gies in  living  organisms  are  so  complicated  that  it  is  often,  if  not 
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genornlly,  impossible  to  say  exactly  how  they  are  brought  about, 
and  we  are  therefore  obliged,  for  the  present  at  least,  to  be  satis- 
fied with  the  mere  recognition  aud  description  of  the  pheoomena. 
Hiuce  tin-  human  organism  is  the  special  study  of  students  of 
medicine,  the  contents  of  this  volume  should  properly  be  restricted 
to  the  physiology  of  tuan.  But  human  physiology  cannot  be 
studied  alone  :  because  in  man  we  cannot  watch  sufficiently  closely, 
or  question  fully,  by  experiment,  the  phenomena  of  life.  Further, 
no  sharp  line  of  separation  can  be  drawn  between  the  actions  of  the 
various  organs  of  man  and  those  of  the  lower  animals.  The  consid- 
orntiun  of  the  physiology  of  those  atiiuials  which  are  akin  to  man 
must  therefore  go  hand  in  hand  with  the  study  of  the  physiology 
of  man  himself.  Much  light  has  been  thrown  on  the  actions  of 
the  most  complex  textures  of  the  highest  animals',  by  the  obser- 
vation of  the  activities  of  the  lowest  organisms,  where  the  mani- 
festations of  life  may  be  carefully  watched  with  the  microscope  in 
the  living  animal  under  perfectly  normal  conditions. 

GENERAL  CHARACTERS  OF  ORGANISMS. 

The  term  organism,  which  is  commonly  used  as  having  the 
BaTne  meaning  as  living  being,  owes  its  derivation  to  the  complex- 
ity of  structure  common  among  the  higher  forms  of  life,  which 
are  made  up  of  several  distinct  organs.  This  organic  construction 
no  longer  holds  good  as  a  distinguishing  mark  between  living 
beings  aud  inanimate  matter,  because  we  are  acijuainted  with  a 
va«t  number  of  living  organisms,  both  plants  and  animals,  which 
are  not  made  up  of  organs,  but  are  comjwsed  of  a  minute  piece 
of  a  soft  jelly-like  material,  which  is  simply  granular  throughout, 
and  devoid  of  structural  difTereutiatiou  during  the  life  of  the 
creature. 

We  may  classify  the  general  characters  of  living  beings  as  fol- 
lows : 

1.  Btructural  and  physical  properties. 

2.  Chemical  composition. 

3.  Activities  during  life  (vital  phenomena), 

1.  Structural  Characters  of  Organiams.— The  minute 
structure  of  living  beings  as  shown  by  the  microscope  no  doubt 
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helps  to  digtinguish  the  textures  of  orgaDisros  from  inorganic 
Btructurea.  Although  organic  textures  are  found  to  differ  very 
widely  in  their  characters,  they  are  all  related  in  one  respect, 
namely,  that  at  some  period  of  their  existence  they  consisted  of 
cells,  i.e.,  minute  masses  of  a  substance  called  Protoplasm.  In 
plants  this  cellular  structure  remains  obvious  in  nearly  all  parts 
of  the  adult  organism,  no  matter  how  much  the  texture  may  be 
modified  by  adaptation  to  the  requirements  of  any  given  duty  or 
function.  If  we  examine  with  the  microscope  the  leaves,  bark, 
wood,  or  pith  of  a  plant,  in  all  of  them  a  cellular  structure  can  he 
recognized.  In  the  less  developed  members  of  the  animal  king- 
dom, and  during  the  initial  stages  in  the  existence  of  the  highest 
animals,  the  textures  are  composed  exclusively  of  aggregations  of 
living  cell-elements.  We  shall  shortly  see  that  in  the  more  fully 
developed  condition  of  the  higher  animals,  the  cells  become  vari- 
ously modified  in  form  and  function,  and  the  protoplasm  manufac- 
tures various  structures  adapted  to  the  performance  of  the  diverse 
functions  of  the  different  parts.  lu  all  organic  textures  which  can 
be  said  to  be  living,  cells  are  dispersed  in  greater  or  less  number 
throughout  them,  and  regulate  their  nutrition  and  repair. 

2.  Chemical  Composition. — There  are  no  characters  in 
the  chemical  composition  of  the  textures  of  organic  beings  which 
be  said  to  be  absolutely  distinctive  or  to  separate  them  from  in- 
irganic  matter.  No  doubt  their  chemical  construction  commonly 
exhibits  certain  peculiarities,  not  seen  in  dead  matter,  which  may 
be  taken  as  characteristic,  but  living  textures  only  differ  in  the 
general  plan  of  arrangement  and  composition  from  that  most  com- 
monly met  with  in  the  construction  of  inorganic  materials. 

In  the  first  place,  the  great  majority  of  the  chemical  elemeiitt 
which  we  know  of,  take  no  share  in  the  formation  of  living 
creatures,  and  are  never  found  to  enter  their  composition.  Prac- 
tically only  fifteen  of  the  sixty-three  elements  known  to  chemists 
take  part  in  making  up  the  tissues  of  animals.  The  majority  of 
these  are  only  present  in  very  small  quantity  and  with  no  great 
constancy.  On  the  other  hand,  there  are  four  elements,  namely, 
carbon,  oxygen,  hydrogen,  and  nitrogen,  which  are  found  with 


28 


MANUAL   OF    PHYSIOLOGY. 


^ 
n 


Buch  groat  regularity,  and  in  so  great  quantity,  that  they  may  be 
said  to  make  up  the  great  bulic  (97  per  cent.)  of  the  animal  frame. 
The  great  constancy  with  which  the  first  three  of  these  elements 
occurs  must  be  regarde<l  as  the  most  important  character  of  or- 
ganic tissues. 

Secondly,  in  organic  textures  the  chemical  elements  are  asso- 
cialed  in  a  much  more  complex  aud  irregular  proportion.  Gener- 
ally a  large  number  of  alomg,  of  each  element,  are  grouped 
together  to  form  the  molecule,  and  often  the  compound  is  so  com- 
plex that  its  chemical  formula  remains  a  matter  of  doubt.  As 
an  example,  a  remarkable  body,  called  lecithin,  which  apjiears 
iu  the  analysis  of  protoplasm  and  many  tissues,  may  be  mentioned ; 
it  is  a  peculiar  compound  containing  nitrogen  and  phosphorus, 
and  in  construction  said  to  be  like  a  fat.  It  may  be  expressed 
thus: 

G„H„NPO,. 

In  inorganic  substances,  on  the  other  hand,  the  elements  are 
found  to  be  combined,  as  a  general  rule,  in  simple  and  regular 
proportions.  The  molecules  are  made  up  of  but  few  elements 
arranged  in  a  deiiiiite  manner  and  firmly  bound  together,  so  that 
they  are  not  prone  to  undergo  sponlaneous  decomposition.  As 
an  example,  we  may  take  water,  which   has   the   well-known 

formula, 

H.,0. 

Though  these  bodies  may  be  taken  as  types  of  organic  and  in- 
organic substances  respectively,  it  must  not  be  imagined  that  all 
organic  bodies  are  as  complex,  irregular,  and  unstable  as  lecithin, 
or  that  inorganic  compounds,  as  a  rule,  are  invariably  simple  and 
stable  like  water. 

It  is  further  remarkable  that  Carbon — an  element  which  is 
exceptional  in  forming  but  few  associations  iu  the  mineral  world, 
where  it  chiefly  combines  with  oxygen  to  form  CO, — is  almost 
invariably  present  in  living  textures,  iu  which  it  is  combined 
with  hydrogen  and  nitrogen  as  well  as  oxygen  iu  various  projior- 
tions.  The  constancy  of  carbon  as  an  ingredient  of  organic  bodies 
is  so  great  that  what  formerly  was  called  organic  chemistry  ia 
now  ofleu  called  the  chemistry  of  the  carbou  compouuds. 
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These  complex  associationB  of  Qiany  atoms  of  carbon  witb  raauy 
atoms  of  other  elementa,  are  readily  dissociated  when  exposed  to 
the  air  under  even  slightly  disturbing  influences.  When  heated 
to  a  certain  degree  they  burn,  i.e.,  uuite  rapidly  with  the  osygen 
of  the  air,  nud  in  the  presence  of  minute  organisms  they  putrefy. 
Thus  iristabilily  is  a  general  feature  commtuily  met  with  in  moat 
Bubslances  uf  organic  origin. 

Chemical  iutitability  roaches  the  highest  pitch  iu  tissues  which 
arc  actually  alive  and  engaged  iu  vital  processes.  So  long  as  any 
texture  lives  it  must  constantly  undergo  certain  chemical  changes, 
one  of  which  is  regarded  us  a  kin<l  of  decompoi^itioh,  tending  to 
produce  disintegration,  and  the  other,  a  re-integrutiou  by  meana 
uf  new  chemical  associations  with  fresh  materials.  A  tissue  may 
then  be  said  to  deserve  the  term  living,  only  as  long  as  it  under- 
goes these  antagonistic  chemical  changes.  The  tendency  to  de- 
Btructive  oxidation  or  disintegration  is  intimately  connected  with 
the  functional  activity  of  the  living  texture  and  increases  with 
this  activity.  The  re-iniogrution  or  constructive  process  requires 
the  presence  of  suitable  materials  with  which  the  texture  may 
combine,  in  order  to  make  up  for  the  loss.  Thus  living  tissues 
are  ever  on  the  point  of  destruction,  which  can  only  be  warded 
off  by  the  timely  reconstruction  of  their  chemical  ingredients  by 
suitable  fresh  materials.  This  reconstruction  by  means  of  fresh 
matter  from  without  is  called  aa^imilulion,  and  forms  the  most,  if 
not  the  only,  .satisfactory  criterion  by  which  adequately  to  dia- 
tioguish  living  beings  from  inorganic  matters. 

The  whole  object  of  all  these  chemical  processes  is  to  supply 
suitable  fresh  materials  to  the  various  textures  for  their  assimi- 
lation. This  will  be  found  to  form  a  great  part  of  physiological 
study.  Further,  the  energy  manifested  in  the  living  activity  of 
the  textures  depends  upon  the  various  oxidizing  processes,  and 
the  exact  laws  which  govern  the^ie  combustions,  and  the  results 
they  give  rise  to  in  the  various  tissues,  practically  make  up  the 
other  part  of  physiology.' 

3.  Vital  Phenomena. — The  so-called  vital  phenomena 
which  take  place  in  the  lexiures  of  organisms  are,  for  the  most  part, 
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performed  by  the  agency  of  the  living  cell-elements,  in  which  we 
can  recognize  independent  nmuifeslatinns  of  life,  Huch  as  the  re- 
sponse to  stimuli,  motion,  nutrition,  growth,  etc.  The  living  ac- 
tivity of  organisms  requires  for  its  perfect  development  certain 
external  conditions,  namely,  a  certain  degree  of  warmth  andi 
moulure.  Without  heat  and  moisture  the  chemical  interchanges 
just  mentioaed  cannot  go  on,  and  the  organism  is  either  destroyed 
or  remains  in  a  state  of  inactivitj\ 

The  nutrition  of  the  animal  body  which  is  accomplished  by 
means  of  the  processes  of  assimilation  already  mentioned  enables 
it  to  grow,  and,  up  to  a  certain  point,  increase  in  size,  and  further 
to  undcigij  many  chnngca  in  form  and  texture.  There  is,  how- 
ever, a  limit  tu  this  assimilative  power:  uutrition  loses  in  activity, 
growth  gradually  stojw,  and  after  a  time  decay  appears  and  is  fol- 
lowed by  death. 

TliUM  organisms  exist  only  for  a  limited  period  of  time,  during 
which  their  size,  form,  and  funcLioual  activity  are  constaully 
undergoing  some  alteration  dependent  on  the  incessaut  changes 
in  their  molecular  constructiuu. 

This  cycle  of  changes  through  which  organisms  pass  we  speak 
of  as  their  lifetime.  During  this  lifetime,  at  the  period  wheu 
their  functional  activity  is  at  its  height,  they  possess  the  remark* 
able  faculty  of  producing  individtmis  like  themselves. 
I  This  is  accomplished  by  setting  apart  a  cell  which,  under  favor- 
able circumstances,  as.«uiiiea  special  powers  of  growth,  increases  in 
size  by  the  rapid  formation  of  new  cells,  and  develops  into  an 
independent  living  unit.  In  time  it  arrives  at  maturity,  and  be- 
comes like  it^  parent,  and  then  passes  through  the  same  cycle — 
by  its  power  of  assimilatiou  it  grows  to  maturity,  reproduces  its 
like,  decays,  and  dies. 


CHAPTER  II. 


OENERAL  VIEW  OF  THE  STRUCTTTRAL  CHARACTERS  OF 
ANIMAL  ORGANISMS. 

The  parts  played  in  Physiology  by  cells  are  so  many  and  so 
iinporlanl  that  it  is  uecoii-iary  at  the  very  outset  to  consider  their 
properties  somewhat  iu  Jelaii. 

Fio.  1. 


C'«1U  fruni  tlie  r<iot  of  n  iiliinl  (  XJ50). — 1.  Slinwing  ,roiing»it  cella  willi 
Uiiii  walU  I  w),  tilled  willi  pmti>plasiii  nnd  cuiitnining  niiclcun  (n)  and  nii- 
cleoliw  (n').  2.  Older  ccll»  witli  tliioker  walla  with  vacuoles  nnd  l-uI1-mi|i 
(e).  X  ShuWH  furtlier  diminiilinn  of  protoplasm  and  increase  in  cnvity  (s) 
in  (irvporlion  to  the  gruwtli  of  llie  cell  wall  (vr). 

The  demonstraliou  of  the  cellular  structure  of  plants  was  first 
made  in  1832  by  a  dislinguiabcd  Germau  botanist  named  Sohlie- 
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I'den,  who  cousidered  the  cells  to  be  characteristic  uf  plaut  tissue. 
A  few  years  later  Schwann  showed  that  the  animal  tissues  were 
also  made  up  of  cells,  though  not  so  completely,  and  that  they 

lowed  their  origin  and  development  to  cell  elements.  Thus  origi- 
nated the  cellular  theory,  which,  with  some  niodilicatioo,  is  now 
the  basis  of  all  physiological  inquiry. 

I  The  first  idea  which  was  convej'ed  by  the  term  cell  varied  much 
from  llmt  which  we  now  accept  as  a  proper  definition  of  such  an 
organic  iiiiil. 

\  Vegetable  cell*  being  the  first  discovered  were  taken  as  the 
type  of  all.  The  main  characteristics  of  these  may  be  briefly 
summed  up.     Firstly,  a  membranous  sac  called  the  cell  wall,  gen- 


Fio.  2. 


Fio.  3. 


I 


Fio.  2.— Di;igrnm  of  animal  cell  (ovum).  (Gcgenlmiier.) — a.  Granular 
protopla-«m.     b.  Nneleu.s.    r.  Niiclenlus. 

Fig.  3. — L'wer  cell  of  man,  containing  (at  globules  (6)  and  Ijiliary  niul- 
tera.    (Codiat.)  , 

erally  very  well  defined,  and  secondly,  within  the  cell  wall  various 
cell  contents.  Among  the  more  conspicuous  portioi^  of  tlie  latter 
tnay  be  mentioned  the  (1)  nucleus,  which  lies  in  a  soft,  clear, 
jelly-like  substance  called  protoplasm,  and  (2)  certain  cavities 
called  vacuoles,  which  are  filled  with  a  clear  fluid  or  "cell  sap." 
Further  investigation  of  the  life  history  of  cells,  particularly  in 
the  early  stages  of  their  <lcvetopnient,  showed  that  the  cell  wall, 
which  played  so  important  a  part  in  the  original  conception  of  a 
cell,  was  not  always  present,  but  was  formed  by  the  protoplasm  in 
the  later  stage  of  growth.  The  cell  sap  and  other  matters  were 
found  less  comnK>nly  present,  and  appeared  still  later  in  the  life- 
time  of  the  vegetable  cell ;  httnce  it  was  concluded  that  they  were 
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the  outcome  of  changes  due  to  the  activity  of  the  protoplasm,  and 
that  this  latter  was  the  only  real  esseutial  and  vital  part  of  the 
cell. 

Subsequently,  from  the  fact  that  some  vegetable  cells  in  the 
youngest  and  raoat  active  stage  of  their  growth  have  no  limiting 
mil,  and  that  most  animal  cellsi  have  nuue  during  any  part  of 
their  life,  it  was  proposed  to  define  a  ceil  as  a  mass  of  protoplasm 
containing  a  nucleus.  But  further  research  showed  that  the  nu- 
cleus was  not  always  present.  lu  many  cryptogamic  planU  no 
nucleus  cau  be  fouud,  and  in  some  animal  cells,  which  must  be 
regarded  as  independent  individuals  (Protama}ba),  there  is  no 
nucleus  at  any  part  of  its  lifetime.  This  would  lead  us  to  suppose 
that  a  mass  of  prolophufm  capable  of  manifesting  all  the  phenomena 
of  life  would  he  a  suiiicient  definition.  Though  this  is  probably 
correct  in  a  few  cases,  the  vast  majority  of  cells  do  contain  nuclei. 
As  it  is  difficult  to  divest  our  minds  of  the  connection  between 
the  two,  it  has  been  proposed  to  give  the  name  ajtode  to  the  non- 
oucleated  forms,  which  certainly  are  very  exceptional,  reserving 
the  term  cell  for  the  common  nucleated  unit.  Each  part  of  the 
cell  may  now  be  considered  in  the  order  of  its  importance,  viz., 
protoplasm,  nucleus,  cell  wall,  and  cell  contents. 


I.  Protoplasm  is  a  colorless,  pale,  milky,  semi-translucent 
substance,  more  or  less  altered  in  appearance  by  various  foreign 
matters  which  lie  in  it.  The-xe  latter  also  give  it  a  granular  ap- 
pearance, and  when  dead  it  comiiiouly  exhibits  a  linear  nmrking 
or  fine  network.  During  life  its  consistence  is  nearly  fluid,  vary- 
ing with  the  circumstances  in  which  it  is  placed,  from  that  of  a 
gum  .solution  to  a  soft  jelly.  When  living  unmolested  in  its  nor- 
mal medium  it  seems  to  flow  into  various  shape.'!,  but  this  is  a 
living  action  which  does  not  prove  it  to  bo  diffluent,  for  any  at- 
tempt to  investigate  it  by  experiment  causes  a  change  in  its  con- 
sistence approaching  to  rigidity. 

As  the  full  comprehension  of  the  function  of  this  substance  lies 
at  the  root  of  the  greater  part  of  Physiology,  the  reader  is  referred 
for  a  detailed  account  of  its  properties  to  Chapter  III.  on  Vital 
Phenomena,  where  it  will  be  discussed  at  greater  length. 
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II.  The  Nucleus. — Mo.«it  independent  masses  of  protoplasm, 
and  all  highly  organized  cells,  contain  one  or  more  nuclei  in  their 
suhstance.  The  nucleus  is  in  a  greater  or  less  degree  sharply  di- 
vided off  from  the  surrounding  protoplasm.  Its  presence  can 
generally  be  made  much  more  conspicuous  by  treating  the  cell 
with  various  chemical  reagents,  notably  dilute  acids  and  certain 
dyes.  The  nucleus  is,  in  the  former  case,  able  to  resist  the  action 
of  dilute  acetic  acid  for  a  much  greater  length  of  time  than  the 
remainder  of  the  cell,  so  that  it  stands  out  clearly,  while  the  rest 
becomes  quite  transparent.  In  the  latter  case,  magenta  (one  of 
the  aoiliue  dyes)  stains  the  nucleus  sooner  and  deeper  than  the 
protoplasm.  Although  it  has  been  accredited  with  special  inde- 
pendent movements,  it  may  safely  be  said  that  in  comparison  with 
the  protoplasm  it  is  not  very  contractile.  Yet  it  appears  to  be 
intimately  associated  with  the  vital  phenomena  of  the  cell,  and 
may  be  said  to  control  or  initiate  the  most  important  activities  of 
the  cell,  namely,  its  division.  The  small  size  of  the  nucleus  adds 
greiitly  to  the  difficulty  of  investigating  ils  functions,  and  much 
remains  to  be  made  out  concerning  both  its  structure  and  propep- 
tie8,  although  recently  considerable  progress  has  been  made  iu 
this  direction. 


III.  The  Cell  Wall. — It  has  already  been  stated  that  the 
most  active  form-element*',  such  as  the  cells  in  the  earliest  stages 
in  the  life  of  an  organism  (embryonic  cellsj,  have  uo  inclosing 
membrane  or  cell  wall.  Hut  in  the  more  advanced  stages  of  cell 
life  we  find  this  second  form  of  protoplasmic  differentiation  to  be 
common  enough.  In  animal  cells  the  limiting  membrane  has 
never  the  same  importance  as  the  cell  wall  iu  vegetable  tissues, 
where  some  of  the  principal  textures  may  be  traced  to  a  direct 
modification  of  the  cell  wall,  still  recognizable  as  such.  When- 
ever such  a  limiting  membrane  does  exist,  it  is  always  formed  by 
the  outer  layers  of  protoplasm  undergoing  changes  so  as  to  become 
of  greater  consistence.  In  the  auiuial  tissues  the  protoplasmic 
units  form  various  structurea,  which,  however,  do  not  hold  the 
relation  to  them  of  limiting  membranes,  hut  rather  give  the  idea 
of  lying  between  the  cells.     Hence,  in  one  large  group  of  tissues, 
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they  have  been  called  iniercelhdar  mhiitame,  while  in  others  they 
appear  as  material  specially  modi6ed  for  the  furtherance  of  the 
functions  of  the  special  tissues. 

IV.  Cell  Contents. — Regarding  protoplasm  as  the  essential 
living  part  of  the  cell,  uuder  this  heading  will  uurae  only  those 
extraneous  matters  which  are  the  outcome  of  protoplasmic  ac- 
tivity. 

The  cell  contents  which  are  present  with  such  coostancy  and 
in  such  variety  in  vegetable  celb,  form  in  them  an  all -important 
part ;  but  in  most  aoiuial  cells  the  contents  do  not  occupy  such  a 
striking  position. 

No  doubt  animal  protoplasm  is  quite  as  capable  as  thai  uf  vege- 
tables of  making  out  of  its  own  substance,  or  the  nutriment  sup- 
plied to  it,  a  great  variety  of  mate- 
rials, but  these  are  seldom  stored 
in  such  large  quantiticji  in  animal 
cells  as  in  those  of  plants. 

Id  the  cells  of  some  kinds  of 
animal  textures,  particularly  that 
called  Conneelive  TUtue,  we  com- 
monly find  large  quantities  of  fat 
formed  and  accumulated  to  such  a 
degree  in  the  cell  that  the  proto- 
plasm can  be  no  longer  recognized 
as  such.  Its  remnant  is  devoted 
to  forming  a  limiting  membrane  for 
the  fatty  contents,  so  that  the  cell 
ia  converted  into  an  oil  vesicle,  and 
here  certainly  what  may  be  termed  the  contents  become  the  most 
important  part  of  the  cell.  In  various  glaud  cells  also,  as  will 
be  seen  hereafter,  difierent  substances  are  made  and  stored  up 
temporarily  in  the  protoplasm,  and  these  can  be  seen  as  bright 
refracting  granules,  and  arc  subsequently  discharged  in  the  secre- 
tion of  the  gland. 

In  other  cells  again  (liver)  nutrient  material  allied  to  starch 
may  be  deposited  in  considerable  quantity,  just  as  starch  is  stored 
in  certain  cells  of  a  plant,  but  owing  to  the  greater  and  more  con- 


Cell  from  conneelive  tissue  con- 
tnining  lurgc  (at  globule  (n),  and 
showing  protoplasm  (ji),  and  nii- 
rleus  (n),  (m)  membniDC.  (Bain- 
▼ier.) 
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Slant  activity  of  auimals,  the  amount  laid  by  never  attains  any- 
thing like  that  found  in  the  store  textures  of  vegetables,  where 
the  result  of  an  entire  summer's  active  work  is  put  by  as  a  pro- 
vision for  the  next  winter,  and  the  fresh  burst  of  euergy  which 
follows  it  in  the  spring. 

But  while  the  above  are  all  more  or  less  temporary  contents  of 
cells,  we  have  an  example  of  a  permanent  deposit  in  them,  viz., 
Pigment.  This  substance  is  formed  by  the  protoplasm  in  various 
parts  and  has  a  special  physiological  use.  Thus  in  the  cells  of 
the  tissue  behind  the  retina — or  nerve  layer  of  the  eye-ball — the 
cells  are  filled  with  a  number  of  granules  composed  of  a  substance 
very  rich  in  carbon,  which  when  in  a  sufficiently  thick  layer  is 
able  completely  to  absorb  any  light  that  may  fall  upon  it,  thus 
])revcnting  the  retlections  that  would  otherwi.se  occur,  and  which 
would  interfere  with  the  clearness  of  sight. 

It  also  occurs  in  the  skin  of  the  negro  and  other  races,  and  in 
that  of  the  frog  and  other  animals,  but  in  these  its  function  is  not 
fullv  kuown. 


Varieties  of  Cells Great  varieties  of  cells  are  found  in 

the  various  mature  tissues  of  the  liigher  animals,  all  of  which  have 
[mssed  through  the  stage  of  being  a  simple  nucleated  mass  of  pro- 

Fio.  .-. 


TrHiisverxe  Beclion  of  liluKlcHlcrm,  showing  thi<  eleiiientH  In  the  cnrlier  stage 
of  the  development. — A,  epibluat ;  It,  mesiobliut;  C,  h^^poblast. 

toplasm  in  the  earlier  periods  of  their  development  and  differentia- 
tion. All  cells  may  then  be  divided  into  two  chief  types,  the  indif- 
ferent and  the  diHerentiated. 

Under  the  category  of  indifferent  celU  may  be  placed  all  such 
as  retain  the  characters  of  the  first  embryonic  cell  and  have  not 
acquired  any  special  structure  or  property  by  which  they  can  be 
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distiuguished  from  the  simplest  form.  Such  cells  are  the  only 
ones  iu  the  early  stages  of  the  embryo.  lu  the  adult  tissues  they 
also  occur,  having  various  duties  to  perform.  They  are  mainly 
found  iu  the  adult  in  the  blood  and  lymph,  and  scattered  through- 
out the  tissue.^,  and  are  without  a  cell  wall,  and  have  no  special 
contents  to  mark  their  function.     -.  • 

Among  the  differentiated  cells  we  find  many  special  characters, 
adapting  them  to  certaiu  special  duties,  for  all  these  cells  are  mod- 
ified from  the  original  tvjie  and  applied  to  the  performance  of  some 
special  function. 

Space  prevents  even  a  short  enumeration  of  the  varieties  of  cells 
met  with  in  the  tissues  of  plants,  where  they  carry  on  all  the  active 
function  of  the  organism  as  well  as  form  the  firm  supporting 
etnicturc3. 

The  differentiation  of  a  cell  is  accomplished  by  its  own  proto- 
plasm, which  forms  new  structural  parts  and  sometimes  seems  to 
diminish  iu  quantity  until  fiuiillyati  element  is  produced  iu  which 
there  is  no  longer  any  protoplasm  recognizable. 

We  find  then  matured  and  diflercntiated  cells  which  vary  — 

1.  In  shape,  being  spherical,  flattened,  fusiform,  stellate,  etc. 

2.  In  siie,  becoming  smaller  or  larger. 

3.  In  tbeir  mode  of  conuection,  becoming  attached  iu  one 
way  or  another  to  neighboring  cells  or  structures. 

Cells  may  also  be  clarified  according  to  their  function,  e.g.. 
Glandular,  Nervous,  etc.,  and  the  greater  portion  of  the  following 
pages  will  be  devoted  to  the  functions  of  these  various  forms  of 
cells. 

So  long  as  a  coll  rcroaius-iu  its  indilTerent  stage  it  possesses  the 
properties  of  ordinary  protoplasm  only.  But  by  its  further  devel- 
opment it  ac({ui  res  special  properties  not  common  toall  protoplasm. 
These  properties  may  or  may  not  be  accompuTiied  by  structural 
change.  Thus  the  protoplasm  of  a  gland  cell  dilll-rsiu  little  from 
that  nf  any  other  cell  except  iu  the  capabilities  of  its  nutritive 
change*"  and  its  chemirtil  products  ;  while  on  the  other  hand,  those 
epithelial  cells  which  form  the  outer  layer  of  the  skin  lose  com- 
pletely their  protoplasmic  characters  and  are  profoundly  modified 
iu  structure. 
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I-lo.  6. 


Modifications  of  Original  Cell — Tissues.— In  thepre- 
c-cdiiig  pages  the  opocial  iliaiactera  of  a  single  cell  have  been  dwelt 
on,  aud  it  has  alsu  been  seen  that  a  cell  may  become  changed  from 

its  original  form  in  order  to  fit  it 

more  perfectly  for  some  special  pur- 

^  "*  pose.    But  it  is  necessary  to  consider 

^^^^         hH^^^  ''^'^  latter  fact  more  fully  in  order  to 

^^^^L  ^^^^V  understand  the  relation  of  the  va- 

^P^^^        jBBV^  rious  tissues  of  the  adult  body  to 

^        ^^^     each  other. 

The  first  stage  in  the  existence  of 
any  organism,  from  the  simplest 
form  of  plant  to  man,  is  composed 
of  a  single  cell  (in  animals  called  the  ovum  or  egg),  which  differs 
in  no  essential  jiointa  of  structure  from  an  ordinary  cell. 

a  Kjo.  7.  h 


Unic«lluUr  oixonUm.  Small 
amotiw.    (Cndiiit.) 


StageK  in  the  (livision  of  the  i'gf»  cell  (ovum),  uliowing  the  production  of 
a  multiple  maiss  by  division,     ((iegcnliaiier.) 

There  is  moreover  a  class  of  organisms  which  never  goes  beyond 
this  one-celled  stage,  and  the  individuals  pass  their  entire  lifetime 
in  the  state  of  a  simple  unicellular  organism.  This  group,  called 
Protuta,  though  insignificant  in  point  of  its  size,  may  vie  with  the 
higher  plants  and  animals  in  number,  species,  and  variety  of  form, 
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•O  that  they  might  well  be  placed  in  n  kingiJoni  by  themselves  (as 
Imb  been  propose<l )  apart  frora  the  vegetable  aud  animal  kingdom!". 

The  group  of  these  organisms  which  most  resemble  animab, 
Is  called  Prutoiua,  and  is  divided  from  other  animal  forms  by 
the  manner  of  development  of  the  ovum  of  the  latter,  which 
diflerentiat(-s  by  division  into  cells.  This  group  is  called  the 
ileicToa.  In  the  Protozoa  the  ovum  never  divides,  the  animal 
always  remaining  a  single  cell. 

On  the  contrary,  the  ovum  of  the  Metazoa  changes  it«  charac- 
ters during  its  development.  At  first  posscs.sing  a  stage  common 
to  both  divisions,  viz.,  a  single  cell,  it  soon  pa.ssed  through  rapid 
stages  of  cell  proliferation,  and  is  converted  into  a  multiple  mas.<i, 
the  mulberry  stage  or  Morula. 

The  cells  forming  this  Morula  stage  work  towards  the  periphery 
of  the  mass,  where  they  tend  to  arrange  themselves  in  two  layers, 
at  the  same  time  forming  a  cavity  in  the 
ceotre.  This  is  known  as  thaGatlrula  stage. 
Following  then  this  cell  multiplication  or 
quantitative  differentiation,  we  find  a  (juali- 
tative  differentiation  of  the  cells,  by  which 
certain  groups  ofcells  assume  special  peculi- 
arities, fitting  them  for  some  specific  duty. 

Thus  we  arrive  at  the  production  of 
special  textures  and  organs  such  as  are  met 
with  in  the  higher  animals,  and  which  are 
necessary  for  the  efiicient  discharge  of  the 
varioas  functions  carried  on  during  their 
lives.  The  division  of  the  original  mass  of 
iudiflerent  cells  info  two  layers  of  Rj>ecial 
cells  is  the  first  step  towards  tissue  differen- 
tiation, and  in  some  animals  is  the  only  one 
arrived  at  in  their  entire  life  history  through- 
out which  they  remain  a  simple  sac  made  dt'rm,  (r)  emlodcrm. 
up  of  an  external  layer,  Ectoderm,  and  an  (Gegenlmuer.) 
internal  layer,  Endoderm. 

Tl>e  groups  or  layers  ofcells  forming  the  outer  aud  inner  layers 
of  this  stage  of  development,  not  only  form  the  primitive  tissues, 

3 


Diagru  m  slinvring  ihe 
Gmt  difleretitintinn  of 
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external  anil  internnl 
layer. — (n)  AIoiilli,  (4) 
enteric  envity,  (</)  ecto- 
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but  ihey  also  represent  the  firat  appeamnce  of  organs  or  parts 
with  a  specific  function.  The  external  or  ectoderinic  layer  is  the 
supporting,  protecting,  motor,  and  respiratory  organ,  while  the 
inner  or  endodermic  layer  is  devoted  to  a  primitive  form  of  di- 
gestion, preparing  the  food  for  assimilation,  and  generally  pre- 
siding over  the  nutrition  of  the  body. 

Although  (Ilia  sue-like  (Gastrula)  stage  is  supposed  to  have 
formed  a  step  in  the  life  history  of  nearly  all  animals,  yet  it  forms 
a  less  striking  part  in  the  development  of  the  individuals  as  we 
ascend  the  scale,  and  in  the  higher  animals  no  such  stage  has  been 
recognized. ,  lu  the  Vertebrates,  the  germ  cells  derived  from  the 

Fto.  9. 


Transverse  section  of  liliislfHleim  of  cliick.— A.  Epiblu»l.     R.  Mtaobliisl. 
C.  IIyi>obla«t.    \ir.  Primitive  gr(X)ve. 

ovum  are  from  an  early  period  divided  into  three  distinct  layers, 
owing  to  the  layers  which  correspond  to  the  Ectoderm  and  Endo- 
derm  of  the  lower  organisms,  forming  between  them  a  third  layer 
or  Mesoblast. 

From  these  germinal  layers  all  the  organs  and  tissues  of  the 
body  are  subsequently  evolved.  In  embryological  language  the 
three  primitive  laj-ers  are  called  epi-,  mcso-,  and  hypobhjst. 

Thus  it  can  be  seen  that,  as  we  can  compare  the  primitive  uni- 
cellular state  of  the  lowest  animals  with  the  first  egg-cell  stage  of 
existence  of  the  highest  animals,  so  we  can  compare  all  the  steps 
of  tissue  and  organ  differentiation  as  we  trace  them  in  the  emhyro 
of  a  mammal,  with  the  steps  of  elaboration  in  organic  and  textural 
parts  that  we  liud  in  ascending  the  scale  of  animal  life. 
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The  history  then  of  the  developraent  of  any  mammal  from  a 
single  cell  or  egg  to  the  complex  adult  iudividual,  is  strictly 
analogous  with  the  more  protracted  history  of  the  evolution  of  the 
animal  kingdom  from  the  Protista  upwards. 

It  is  impossible  to  separate  the  differentiation  of  tissues  and 
organs,  or  to  say  which  is  of  older  date  in  the  history  of  animal 
evolution.  Even  in  unicellular  animals,  where  we  have  no  trace 
of  tissue  difference  ( Paramiecium,  Vorticella,  there  being  only  one 
cell),  we  have  a  distinct  foreshadowing  of  organ  and  functional 
differentiation  (vide  Chapter  III.).  And  in  creatures  made  of 
many  parts,  the  same  cells  have  several  duties  to  perform.  But 
when  an  aggregation  of  cell  units  exists,  it  may  be  said  that  a 
tissue  is  formed.  If  these  cells  be  indifferent,  that  is,  have  no 
special  characteristic,  then  the  ti.ssue  may  be  called  primitive  or 
enibryouic.  But,  as  has  just  been  stated,  the  aggregation  of 
embryonic  cells — in  the  higher  forma  of  life — have  Kpeeial  char- 
acters from  the  very  first,  which  mark  them  off' from  one  another 
aa  destined  for  different  functions. 

The  middle  germ  layer  (raesoblast)  is  derived  from  the  upper 
(epiblast)  and  lower  (hypoblast),  the  part  contributed  by  each 
being  doubtful.  From  the  first  the  middle  layer  has  distinctive 
characteristics,  and  ultimately  gives  rise  to  a  set  of  tissues  which 
can  always  be  distiuguished  from  those  which  originate  from  the 
upper  and  lower  layers. 

From  the  inner  and  outer  germ  layers  are  formed  several  layers 
of  tissues,  which,  in  a  more  or  less  perfect  degree,  retain  the  activ- 
ity of  the  original  protoplasm,  and  hence  may  be  called  active 
tissues.  From  the  middle  germiual  layer  is  developed  a  set  of 
textures,  in  the  majority  of  which  the  protoplasmic  elements  are 
reduced  to  a  miuiraura,  and  arc  therefore  grouped  together  as  sup- 
porting tissues. 

The  tissues  formed  in  the  adult  may  be  classified  into  four 
groups: 

1.  Epillielial  Tissues.  The  primitive  surface  tissues  of  the 
outer  and  inner  germ  layers,  which  are  variously  modified 
for  several  distinct  duties. 

2.  Ncri>e  Tismet.   Springing  from  the  former,  arc  modified 
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for  receiviug,  conducting,  controlling,  and  distributing 
impressions. 

3.  Mvtelei  or  Contractile  TUtuet.  In  close  relation  to  both  the 
previous  and  the  next  groups. 

4.  Connectire  tissneji  formed  only  from  the  middle  germ  layer. 
They  are  much  modified  in  different  parts,  so  as  to  give 
shape  to  the  body,  aud  to  support  and  hold  the  various 
organs  aud  parts  firmly  together.  Tliey  are  in  fact  the 
materials  used  in  the  general  body  architecture. 

Epithelial  Tissue,  although  the  oldest  kind  of  tissue  both  iu 
the  animal  series  aud  in  the  germinal  layers,  retains  the  embry- 
onic character  of  being  entirely  composed  of  cells  placed  in  close 
relationship  to  each  other  on  the  iuternal  and  external  surfaces 
of  the  body.  The  individual  cells,  moreover,  retain  the  embry- 
onic character  in  form  and  functiou,  being  soft  rounded  masses  of 
protoplasm,  only  altered  iu  shape  by  the  pressure  of  their  neigh- 
bors. The  cells  which  lie  next  the  nutrient  vessels  of  the  meso- 
blast,  are  endowed  with  energetic  powers  of  growth  and  reproduc- 
tion. As  the  young  cells  are  produced  they  take  the  place  of  the 
parent  cell,  whose  future  life-history  determines  the  special  char- 
ftcteiB  of  the  diiferent  kinds  of  tissues. 

Sometimes  the  cells  are  retaiued,  as  in  the  skin,  and  are  arranged 
in  several  layers,  one  over  the  other.  As  the  cells  are  conveyed 
from  the  deeper  layer,  where  they  take  their  origin,  towards  the 
surface,  the  efforts  of  the  waning  nutritive  power  of  the  protoplasm 
are  devoted  to  the  manufacture  of  a  tough  insoluble  substance. 
The  cells  thus  gradually  lose  their  vital  activities,  aud  are  con- 
verted into  horny  scaler,  which  tbrm  the  external  protecting  skin, 
and  its  many  modifications  that  give  rise  to  the  different  dermal 
appendages,  such  as  hair,  feathers,  etc.  Instead  of  a  horny  sub- 
stance, the  protoplasm  may  manufacture  fat  in  the  bodies  of  the 
cells,  and  the  adult  cells,  being  moved  on  by  the  young  cells  aris- 
ing beneath  them,  are  heaped  together  as  an  indefiuite  mass  which 
passes  off  as  a  fatty  mixture.  In  other  cases  the  reproductive 
activity  of  the  cell  is  in  abeyance,  and  its  remaining  nutritive  en- 
ergy is  devoted  to  the  manufacture  of  a  material  which  is  poured 
out  of  the  cell  at  certain  periods.     Thus  we  have  another  great 
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DDCtion  performed  by  the  epithelial  tissues,  namely,  that  of  man- 
ufacturing certain  materials  which,  being  collected  by  suitable 
channels,  appear  as  secretions. 

The  active   elements  of  glandular  tissue  are  epithelial   cells 
wbiKie  uulritioD  seems  to  load  to  the  formation  of  siKcific  chemical 

Kio.  10. 


Seclinn  of  llic  epiderm  of  llie  prepuce,  sljowing  the  superiaifiosed  layers 
rif  cells  of  a  8triitifie(l  epithelhim.  I  Ciidial.)  — <i.  Young  proliforBliiig  celln. 
6-d.  C«lls  ailvanring  lowards  surfnc-o.  e.  Flattened  cell  of  homy  layer. 
/.  Basement  membrane,     ij.  Connect!  ve  tissue. 

products  within  their  protoplasm.  These  products  pass  out  com- 
monly as  fluids,  and  form  various  substances  of  great  importance 
in  the  economy.     A  gland  then  is  simply  a  special  iirrangemeut 

'epithelial  cells,  generally  lining  the  sacs  or  tubes  iuto  which  the 

crelion  is  poured. 

The  covering  of  epithelium  ia  in  various  places  found  to  be 


n 
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modified  in  different  ways,  so  as  to  sait  it  for  the  special  part  iu 
which  it  is  placed.     Some  tracts  are  covered  with  fine  moving 


¥ui.  U. 


Fio.  12. 


Fio.  11. — Two  cells  of  smly  epithelium  from  the  inside  of  the  cheek. 
(Uanvier.) 

Fio.  12. — Section  of  milk  glnnd  of  cat,  showing  secreting  cells  containiog 
fat  globulex,  and  some  secretion  in  alveoli. 

hair-like  processes,  called  cilia,  which  give  rise  to  a  slight  motion 
of  the  fluids  iu  coutact  with  them. 


Fro.  13» 


Fio.  14. 


Fio.  13. — f'iliale<i  epithelial  cells  from  tlie  ;;ills  of  mii.s,iel.     (C'adial.) 
Fio.  14-— •Stratified  ciliated   epilhflia!  cells  from  tlie  trachea  of  man, 
(Oidiat.) — a.  Large  Burface  cells,  with  cilia  on  surface.    4.  Lower  cells  in 
earlier  Bisge  of  development,    e.  C'«ll  charged  with  mucns. 

Other  differences  will  be  given  in  detail  with  the  description  of 
the  duties  of  the  many  mucous  surfaces.     The  most  striking,  and 
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at  the  same  lirae  the  most  intcrotinj;  niodifications  arc  those  in 
the  special  sense  organs,  where  the  cells  are  in  inuneiiiate  connec- 
tion willi  nerves,  and  aid  in  forming  the  special  nerve  terminals.* 


Fio.  IS. 


Fi«.  Ifi. 


•lyUHp" 


Fio.  15. — Epithelial  ooIIh,  some  of  whioli  are  lilted  with  muciis  ((/),  furm- 
ing  f^blct-likc  cells.     (OuHat.) 

Fto.  Ifi.—Xuuro-miiwiilar  cells  of  hydra,  m.  Contractile  fibres.  (Klein- 
eaberg.) 

Nerve  Tissue. — The  great  nervous  wntres  are  formed  from 
certain  cells  of  the  outer  germinal  layer,  which,  in  the  earliest 
days  of  the  embryo,  dip  in  as  u  furrow,  and  are  gradually  cut  off 
from  the  parent  tissue  by  the  rapid  growth  of  the  middle  germ-layer. 
In  looking  for  special  conducting  tissue  in  auimula  possessing  the 
irost  simple  structure,  we  find  cells  which  would  seem  to  possess 
certainly  a  two-fold,  and  possibly  a  three-fold  function, — one  of 
which  is  conduction.  In  the  so-called  "  ucuro-muscular"  cells  of 
the  hydra,  processes  are  described  ns  found  to  pass  off  from  them, 
and  to  unite  beneath  the  ectoderm  with  other  fibre-like  processes, 
which  are  eminently  contractile.  Hero  we  find  for  the  first  time 
a  portion  of  protoi)lasm  specially  devoted  to  acting  as  a  conductor 
of  impulses,  and  attached  by  the  one  end  to  a  contractile  fibre, 
and  by  the  other  to  a  surface  (sensory)  cell.  The  intimate  rela- 
tion between  the  development  of  nerve  and  muscle  fibres  is  thus 
eatablisbed,  and  we  have  the  first  attempt  at  a  nerve  mechanism, 
vii.,  a  cell  capable  of  receiving  impressions,  and  a  fibre  capable 
of  transmitting  the  results  of  these  stimuli.  As  further  difl'eren- 
tialion  proceed.-*,  each  tif  these  parts  becomes  more  distinct  from 


*  A  fuller  account  of  the  ITistolopr.v  of  these  tissues  will  be  found  in  the 
chapters  specially  devoted  to  Ihcsc  subjects. 
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the  other,  and  ultimately  the  adult  nerve  tissue  is  found  to  be 
made  up  of  nerve  or  ganglion  cells,  nerve  fibres,  and  special  nerve 
endings.  The  fibres  commonly  act  as  lines  of  communication  be- 
tween two  cells;  they  connect  together  the  numerous  cells  in  the 
various  parta  of  the  brain  and  spinal  cord,  or  pass  between  the 
cells  of  these  central  uerveorgansand  special  cells  situated  through- 
out the  body,  which  might  be  called  the  peripheral  nerve  orgaus. 
The  simplest  'idea,  then  of  a  special  nerve  apparatus  is  a  fibre 
connecting  two  cells.  The  peripheral  cell  may  be  a  receiving  organ 
(fig,  17, 8),  from  which,  when  stimulated,  impulses  are  transmitted 

Fio.  17. 


Fig.  17. — H.  Sensory  receiving  orgnn  wiili  iilia.  in. i  iiKreiit  lu-rve  filire. 
G.  Central  organs — ganglion  oelln.  M.  IVriphiTiil  organ  anil  eflcrenl 
nerve, 

Kio.  18. — Three  me<1ullate(l  nerve  fibres,  the  nieJiilIary  sheAth  of  which 
is  stiiinnl  dark  with  a«m!c  acid.  N.  NixU'S  of  Rnuvier. — Two  non-medullated 
nerve  filtres,  with  nuclei  in  Ihe  primitive  slieath. 


along  the  fibre  to  the  central  nerve  cell,  where  they  give  rise  to 
certain  impressions,  and  so  we  have  a  sensory  nerve  apparatus. 
Or  the  central  nerve  cell  may  be  the  receiving  agent,  getting 
Btimuli  from  its  central  neighbors,  and  transmitting  impulses  to 
a  peripheral  nerve  terminal,  by  which  the  energy  is,  as  it  were, 
handed  over  to  a  muscle  (h)  or  gland,  and  so  we  have  a  simple 
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motijr  or  eecrelory  apparatus.  Whore  the  efrect  of  a  stimiiltis  can 
be  definitely  traced  from  one  nerve  cell  to  another,  and  from  thence 
by  a  eeoond  fibre  to  a  third  cell,  the  impulse  \»  said  to  be  reflected 
by  the  second  cell  to  the  third.  And  there  we  have  what  is  called 
a  reflex  act. 

The  essential  part  of  a  nerve  fibre  is  a  kind  of  protoplasmic 
band,  in  which  the  finest  fibrilla  or  thrcnd-like  marking  ran  be 
made  out  with  the  aid  of  reAgeuls  and  u  powerful  microscope. 


Fio, 


Multipolar  cells  from  the  antcriur  gray  culiimn  of  the  apinal  cord  of  the 
il«>g-&ih — (u)  lying  in  a  texture  of  fibrils;  (A)  prolongation  from  cells:  (e) 
ner\-e  fibres  cut  acrrtss.     (Cadiat.) 

This  is  called  the  aris-eylinder.  In  some  nerve  fibres  (mostly  in 
the  brain  and  spinal  cord)  the  axis-cylinder  is  naked,  and  even 
a  single  fibrilla  may  so  pass  from  one  cell  to  another  in  the  brain 
matter.  In  other  parts  the  axis-cylinder  is  generally  covered  by 
a  thin  membrane,  called  the  primitive  sheath,  or  with  a  soft  oil-like 
substance,  called  the  medullary  sheath,  or.  as  is  commonly  the  case 
in  all  peripheral  nerves,  by  both.  The  primitive  sheath  incloses 
the  medullary  sheath,  which  surrounds  the  axis-cylinder. 

These  fibres  are  made  of  peculiarly  modified  cells,  which  are, 
however,  so  elongated  as  not  to  be  very  easily  recognized  as  such 
in  adult  tissue. 
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Tlie  nerve  or  ganglion  cells  vary  extremely  in  general  form  an  J 
size.  The  corainoncst  in  the  nerve  centres  are  large  bodies  with 
a  clear  well-defined  single  nucleus,  and  distinct  nucleolus ;  they 
commonly  have  two  or  more  processes,  which  are  connected  by 


Fio.  20. 


Fici.  20. — Ganglion  cells  of  frog,  showing  atraiglilnnd  spiral  fibres.  (After 
Beale  and  Arnold.) 

Fio.  21. — Celts  from  the  sympathetic  ganglion  of  a  e«L  The  delicate 
protoplasm  hiis  shrivelled  here  and  there  from  the  cell  wnll. 

nerve  fibres  to  other  cells,  and  to  the  axis-cylinder  of  nervep. 
This  latter  does  not  branch  as  the  other  processes  sometimes  do, 
and  when  it  can  be  traced,  appears  to  enter  the  protoplasm,  run- 
ning towards  the  nucleus. 

The  iieripheral  nerve  cells  are  generally  much  modified,  and 
often  small  compared  with  those  in  the  centres.  Besides  the  cells 
in  the  sporadic  ganglia,  which  are  large  rounded  corpuscles  with 
but  few  processes — there  are  many  other  hoiiie.s  connected  with 
the  peripheral  nerves  which  cannot  be  called  ganglion  corpuscles. 
They  are,  however,  nevertheless  nerve  cells. 


Muscles  or  Contractile  Tissues. — When  changes  take  | 
place  in  protoplasm  adapting  it  specially  for  contraction,  it  is 
termed  muscle  ti.ssue.     The  large  ma-sses  of  this  tissue  attached  to 
the  skeleton  so  as  to  move  its  various  parts,  form  the  flesh  of  the 


PlO.  22, — Cells  nrfiniiMilh  lunsolc  tusue  from  tlic  inlcntinal  tract  nrrobbil. 
fRnnvier.) — A  nnil  B.  Muscle  cells  in  which  diflerentinlion  of  iho  prolo- 
(ilasin  can  he  well  accn.     (Schafcr.) 

Fia,  23. — Two  lihrei)  of  Hlriatctl  muscle,  in  which  I  he  contractile  siihulnncc 
(m)  has  Ijcen  ruptured  and  •tepnrated  from  the  sarcolcinma  (n)  and  {»);  (p) 
s\Mtx  under  isarcolemma.     (Kanvicr.) 

wilh  nerve  tissue,  and  acts  in  response  to  stimuli  communicated 
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from  the  nerves.  In  some  of  the  lower  aniiimlA  the  two  tissues 
are  bo  intimately  related  that  it  is  not  ea.sy  to  separate  them,  aiiid 
the  development  of  both  progresses  equally  as  we  ascend  the  scale 
of  aninial  life.  They  are  nearly  related  in  their  origin,  or  even 
spriug  from  the  same  primitive  tissue.  Ip  fact,  as  has  already 
been  mentioned  (vide  p.  39),  they  form  but  one  structure  in  some 
of  the  more  simple  and  less  differentintpd  animals.  The  neuro- 
muscular tissue  which  is  formed  from  the  outer  layer  of  the  embryo, 
is  the  forerunner  of  the  muscles  as  well  as  of  the  nerves  of  the 
embryo  of  the  higher  auimals. 

Ill  the  higher  animals  aud  man  muscle  tissue  consists  of  two 
distinct  kinds  of  textures,  commouly  spoken  of  as — 

a.  Smooth  or  non-striated  muscle. 

b.  Striated  muscle. 

In  the  smooth  muscle  the  individual  elements  present  all  the 
characters  of  a  cell,  but  very  much  elongated  and  flattened,  and 
coutaiu  a  .single  long  nucleus.  They  contract  very  slowly  and 
persistently,  and  require  a  comparatively  long  time  for  the  nerve 
influence  to  effect  them,  so  that  an  obvious  interval  exists  between 
the  moment  of  their  stinuilation  and  their  contraction.  They  are 
therefore  commonly  found  in  the  internal  organs  and  in  situations 
where  gradual  and  lasting  contractions  are  required.  They  re- 
ceive their  nervous  supply  generally  from  the  .sympathetic  system, 
and  perform  their  duty  without  our  being  conscious  of  their  ac- 
tivity or  being  able  to  control  it  by  our  will. 

Striated  muscle  tissue  is  made  up  of  cylindrical  fibres  of  snch 
length  that  both  extremities  cannot  be  brought  iuto  the  field  of 
the  microscope  at  the  same  time.  Their  exact  relation  to  cells  is 
not  so  easily  made  out  as  in  smooth  muscle,  and  doubtless  varies 
in  difierent  muscles.  Sometimes  the  fibres  are  made  up  of  single 
cells,  aud  in  other  cases  they  are  formed  by  the  pernuinent  fusion 
of  several  cell  elements  which  uever  diflereiiliate  into  separate  ele- 
ments, owing  to  the  imperfect  division  of  the  cells,  but  make  up 
one  mass,  the  multiple  nuclei  of  which  alone  make  its  mode  of  ori- 
gin apparent.  The  contractile  substance  is  made  up  of  two  kiuds 
of  materia],  one  of  which  refracts  light  singly,  while  the  other  is 
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doubly  refracting.  These  are  ranged  alternately  acrosw  the  fii)re, 
mnkiog  the  Irausveree  markings  or  strife  from  which  it  gets  ita 
name.  This  striated  material  i.^  quite  soft,  and  is  incaseit  in  a  thin 
homogeneous  elastic  .«henth  called  mrcolemma,  which  kee[Ki  the 
fibre  ill  its  normal  sht^pe. 

Thia  form  of  muscle  may  be  considered  the  widest  departure 
from  the  primitive  prntoplasmic  type  imparting  to  it  contnictilitv. 
It  moves  with  wonderful  rapidity,  contracting  almost  the  instant 
its  nerve  is  eitiniu  luted.  It  forms  the  great  masin  of  the  quick -acting 
skeletal  muscles,  being  attached  to  the  bonef  by  bands  composed 
of  a  form  of  librous  connective  tifsne,  which  foria  the  tendons  and 
*fai!ciic.  Muscles  made  of  striated  tissue  are  romraoiily  under  the 
control  of  the  will,  and  hence  are  frequently  spoken  of  u.s  voluntary 
muscles,  but  this  term  is  misleading,  for  many  striated  musicles 
are  uol  governed  by  voluntary  control. 

The  Connective  Tissue  group,  coming  exclusively  from 
the  middle  germinal  layer,  exhibits  very  great  varietieij  of  form. 
Its  cells  differ  much  from  the  epithelial  cells  both  in  their  chai-- 
Ecter  and  their  relations,  and  particularly  in  the  adult  tissues. 

Under  the  heading  Connective  Tissues  are  generally  cla?se<l  all 
those  which  sup|K)ri  the  frame  and  hold  together  the  various  other 
tiesues  and  organs.     They  are — 

1.  Mucous  and  retiform  couuective  tissue. 

2.  White  and  yellow  fibrous  tissue. 

3.  Cartilage. 

4.  Bone — as  well  as  certain  modifications  of  these  types. 

The  cells  of  all  these  tissues  have  the  property  of  manufacturing 
Bome  material,  which  however  does  not  generally  iucluso  them  as 
a  cell  wall,  but  remains  between  the  cells  aud  forms  the  intercel- 
lular fiubstance.  The  younger  the  tissue  the  greater  is  the  pro- 
portion of  its  cell  constituents,  and  the  older  the  issue  the  greater 
will  be  found  the  preponderance  of  the  intercellular  substance. 

Mucous  Tissue. — In  certain  parts  of  the  embryo  and  in  some 
\  of  the  lower  animals  a  kind  of  connective  tissue  is  found  in  which 
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there  is  l)ut  little  interceihilar  gub^tance,  the  mass  of  the  tissue 
being  thus  made  up  of  cells.  This  eclluhir  cooiiective  tissue  never 
forms  ati  iuiportant  texture  in  the  adult  man,  but  is  interesting 
as  the  probable  tissue  from  which  all  the  councctive  tissues  are 
formed  iu  the  ctubrj-o,  and  as  oi'curriiig  in  abnormal  growths  or 
til  more. 

The  6rst8tcp  in  diHerentiation  is  the  secretion  of  a  large  quan- 
tity of  soft  homogeneous,  semi-gelatinous  or  fluid  materia!  like  the 
mucus  secreted  by  epithelium.     Iu  this  the  cells  lie,  either  free 


Fia.  24. 


Transverse  st'otion  of  tlic  cliordn  dorsulis  and  neigliljoring  substance, 
cartilagi'  cells;  b,  cell  of  llie  middle  layer  of  embryo;  e,  mucous  tissue;  d, 
boundary  of  chorda.    (Cadiat.) 


or  united  by,  long  protoplasmic  processes.  This  is  the  mucaiu  tis- 
fiHc  coinmnn  in  the  lower  animals,  iu  textures  of  tlie  embryo  in  the 
adult  and  in  pathological  growth.^  ol'  the  conuoetive  tissue  type. 
The  processes  uuitlng  the  cells  may  not  be  prescut,  and  the  cells 
niny  be  reduced  to  a  minimum,  as  occurs  iu  the  vitretius  humor 
of  the  eye.  But  more  commonly  the  soft  gelatinous  substance  is 
reduced  in  amount,  and  the  processes  connecting  the  cells  are  con- 
verted into  a  dense  network  of  delicate  threads  to  form  the  retiform 
tissue  of  lymphoid'structures. 
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Fibrous  Tissue. — The  cells  may  become  further  differen- 
Fio.  25. 


Cells  of  mucous  tissue  with  bmncliing  processes  (B)  and  a  couple  of  elastic 
filires  (F).    (Ranvier). 

tiated  and  fibrillated.    When  the  thickness  of  the  cell  processes  is 

KiG.  26. 


Portion  of  tendon  from  Ihc  t.iil  of  a  young  rat,  Ktuined  with  gold  cliloride, 
showing  arrangement  of  llattened  cells  on  bundles  of  fibrils.     (After  Klein.) 

great,  and  their  fibrillation  well  marked,  the  cells  appear  to  devote 
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all  their  reproductive  energy  to  the  formation  of  this  fibrillaled 
substance  which  ultimately  forms  the  great  bulk  of  the  tissue, 
while  the  cells  become  gradually  and  proportionately  fewer  in 
number.  In  this  case  only  sufficient  of  the  mucous  substances 
generally  remains  to  cement  the  fibrils  together  into  bundles.    A 


Fio.  27. 


Fio.  28. 


Fig.  27. — Coaree  (a)  and  fine  (fc)  yellow  elastic  fibres  after  treatment  with 
strung  acetic  acid.     (Cndiat.) 

Fig.  28. — Kloslic  membrane  from  inner  coat  of  aorta,  and,  below,  mesh- 
work  of  elastic  fibres  from  a,  yellow  ligament.     (Cadiat.) 


few  of  the  cells,  however,  remain  between  the  bundleji  of  fibrils 
to  preside  over  the  nutrition  of  the  tissue.  Thus  is  formed  the 
non-elastic  or  white  fibrous  tissue  of  tendon. 

As  a  general  rule  these  fibrils  are  easily  afiected  by  chemical 
re-agents.  Weak  acids  cause  them  to  swell  up  aud  become  indis- 
tinct.  Baryta  water  affects  the  cement  and  renders  them  easily 
separable.  They  swell  and  dissolve  iu  boiling  water,  yielding  gel- 
atine, which  forms  a  jelly  ou  cooling. 
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In  some  parts  of  the  body,  however,  a  different  kind  of  inter- 
celiular  substance  is  formed,  whifih  is  highly  elastic,  does  not  give 
gelatine  on  boiling,  and  is  not  affected  by  weak  acids  or  alkaliee>. 
This  is  spoken  of  as  Yellow  ela«(ic  linaue.  It  is  sometimes  found 
alone  forming  an  elastic  bund  or  ligament,  but  more  commonly 
mingled  with  fibrillar  tissue  to  form  the  common  connecting 
medium  which  lies  under  the  skin  and  between  the  various  other 
textures. 

In  Cartilage  the  intercellular  substance  secreted  by  the  cells 
ia  hard,  and  forms  in  the  earlier  stuges  of  its  development  cases  or 
cell  walls  for  the  cells.     These  cases  subsequently  increase  in  thick- 

Fio.  29. 


A  teased  [irepnmlion  of  connective  tiiwue,  showing  fine  and  coarse  elastic 
fibres  mingled  witli  bundles  of  tibrilhir  tissne  and  conneclive  tissue  corpus- 
cles. 

nesB,  and  become  fused  together  into  a  homogeneous  intercellular 
substance,  where  ultimately  the  capsules  belonging  to  the  diflfereDt 
cells  can  no  longer  be  distinguished  from  one  another,  so  that  in 
the  adult  tissue  there  is  seen  to  be  a  tough  matrix  of  intercellular 
substance,  in  which  the  cells  are  scattered,  apparently  occupying 
aioall  cavities.  These  cells,  which  are  the  remote  ofispring  of 
thoee  which  formed  the  tissue  permanently,  preside  over  its  nu- 
trition. 
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The  intercellular  substance,  which  is  quite  homogeneous  in  com- 
mon hyaline  cartilage,  is  soiuelinies  raodified  so  as  to  resemble 


Fia.  30. 


Fio.  31. 


'^asae^x^k^ 


riV 


oe> 


Y\(i.  30. — Scolion  of  hyaline  oiirtilnpe  from  the  end  of  a  growing  Ixme, 
sliowing  a  decriMse  in  the  iutercellnlar  substance  compared  with  the  number 
of  cell  elements,  which  arc  arrangeil  In  rows. 

Fiu.  31.— KliiKtic  tibro-cartiluge,  showing  cells  in  cnjeulea  and  elastic 
Kbres  in  matrix.     (Codiat.) 

fibrous  tissue,  Fometimes  the  fibrillar,  and  sometimes  the  elastic 
form  being  produced.     (Figs.  31  and  32.) 

Fio.  32. 


White  fibro-carlilage,  showing  cells  (a)  in  capsules  and  fibrillar  matrix 
(t).    (Cadiot.) 

Bone  is  probably  the  moet  advanced  difTereutiation  of  the  con- 
nective tissue  group.     The  iuterceilular  substance  is  characterized 
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by  containing  a  great  quantity  of  earthy  or  inorganic  matter, 
which  gives  the  tissue  its  enormous  Blrenjrth.  It  is,  moreover, 
everywhere  traversed  by  the  processes  of  the  cells  lying  in  little 

Fro.  38. 


'Xr\ 


Transverse  voclioii  of  a  syBtem  of  Haveni,  showing  IlavpreUn  canal  in 
centre,  witli  bunu  cells  arnuii^eil  itround  it  in  laeunn,  which  are  connected 
by  the  delicalc  mnntiruli.     (Ciidiat.) 

canals  (caiialiculi),  which  connect  the  spaces  (lacunte)  in  which 
the  protoplasmic  boue  cells  sojourn. 

In  the  formation  of  bone  from  fibrous  or  cartilaginous  tij-suc 
the  urigiiml  intercellular  subntance  disappears,  and  a  set  of  vvUn 
with  new  formative  powers  come  upon  the  field  (Fig.  34).  These 
new  cells  (osteoblasts)  cover  the  growing  surface  of  the  bone  and 
secrete  and  lay  <lown  in  layers  a  new  kind  of  intercellular  sub- 
stance, which  is  the  bone  matrix.  Here  and  there  at  wonderfully 
regular  intervals  an  osteoblast  ceases  to  secrete  the  calcareous  inter- 
cellular substance,  while  its  neighbors  continue  formative  activity. 
Conaeipiently,  this  osteoblast,  or  as  it  may  now  be  called  young 
bone  cell,  becomes  surrounded  by  calcareous  iDterccllulur  sub- 
stance, and  is  thus  permanently  lodged  in  the  bone  tissue. 
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»  flaetion  throiigli  ossifying  cartilage  ami  newlyforiued  bone.  (Cndiat.) — 
^Developing  cartilage  cells,  b.  Degenerating  cartilnge  cells,  e.  Cell  space, 
empty.  (/.  SpiculB^ofcalcareouK  deposit,  e.  Blood  corpuscles.  /.  OBteolJasta. 
g,  Dillo  of  periotileiim.     A.  Bone  cells. 
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The  Vascular  System  is"  developed  in  the  middle  germinal 
layer  with  the  variiost  ntagcjs  of  the  conuei'tive  tissue,  The  blood- 
venels,  which  are  chiefly  made  up  of  connective  tiMues,  soon 
traverse  all  the  parts  of  the  body,  and  distribute  the  nutrient  fluid 
or  blood.  And  even  the  bloo<l  may  be  considered  as  an  outcome 
of  the  connective  tissues,  since  the  cells  of  the  blood  are  at  first 
formed  from  the  meeoblast,  and  later  from  the  connective  tissue 
corpuocles. 

An  arrangement  of  sfjecial  cells,  such  as  epithelial  or  muscle 
cells,  with  a  special  function,  constitutes  an  organ.  However,  in 
the  higher  animals  and  man,  an  organ  is  almost  invariably  a 
complex  structure,  having  various  tissues  entering  into  its  con- 
struction. Thus  a  skeletal  muscle  is  made  up  of  a  quantity  of 
muscle  fibres  held  together  by  sheets  of  connective  tissue,  and 
attached  to  bones  by  connecting  bands.  It  is  further  traversed 
by  many  bloodvessels,  and  the  fibres  are  in  immediate  relation' 
to  certain  nerves  which  terminate  in  them.  The  various  secreting 
organs  are  made  up  of  epithelial  cells,  hold  together  by  connective 
tissue  and  iu  close  relation  to  bloodvessels  and  nerves,  aud  are  so 
arranged  that  they  pour  their  secretion  into  a  duct.  The  bones, 
which  are  the  organs  which  give  the  body  support,  contain,  in 
addition  to  the  bone  tissue  of  which  they  are  composeii,  a  great 
quantity  of  indifferent  cells,  fat  cells,  nerves,  and  bloo<lves8els.« 
They  are  covered  on  the  outside  with  a  tough  vascular  coat,  which 
gives  them  strength,  assists  their  nutritive  repair  and  reproduction, 
and  acta  as  a  point  of  attachment  for  the  muscles  and  ligaments. 
Where  the  bones  are  in  immediate  relation  at  the  joints,  they  are 
comtuunly  lipped  with  cartilage. 

If,  then,  we  analyze  anatomically  the  architecture  of  the  human 
body,  we  shall  find  that  it  is  made  up  of  a  number  of  complex 
parts,  each  adapted  to  some  special  function,  and  composed  of  such 
au  association  of  the  simple  tissues  as  the  special  part  demands. 

The  general  arrangement  of  these  organs  aud  their  modes 
action  will  be  discussed  in  a  future  chapter. 


CHAPTER  III. 


CHEMICAL  BASIS  OK  THE  DODY. 


It  seems  natural  to  commence  the  description  of  tKe  molecular 
changes  that  take  place  in  the  various  tissues  and  organs  of  the 
body,  with  a  brief  account  of  the  chemical  composition  of  the 
most  characteristic  substances  found  in  animal  textures,  because 
none  of  the  mysterious  processes  of  cell  life,  or  tissue  activity,  can 
be  satisfactorily  studied  without  familiarity  with  the  more  cuaimon 
terms  occurring  in  physiological  chemistry. 

Tbe  chapter  on  this  .subject  here  iiitroduccd,  is  intended  rather 
to  give  the  medical  student  a  getieral  view  of  the  chemical  com- 
position and  characters  of  those  substances  most  frequently  met 
with  in  (he  chcinicul  changes  specially  connected  with  animal  life, 
than  to  supply  ii  complete  or  systematic  account  of  the  relation- 
ships of  the  chemical  bases  of  the  body,  for  which  reference  must 
be  made  to  more  advanced  text  books,  or  treatises  on  the  special 
subject  of  physiological  chemistry.  This  review  must  moreover 
be  inadequate  in  the  case  of  many  bodies,  but  they  will  be  again 
referred  to  when  speaking  of  the  function  with  which  they  are 
associated. 

It  has  already  been  stated  that  ofthe  sixty-three  elements  known 
to  chemists,  a  compamtively  small  number  form  the  great  bulk  of 
the  animal  body,  although  traces  of  many  are  constantly  present. 
Thus,  we  shall  see  that  four  elements,  namely,  (1 )  oxygen,  (2)  car- 
bon, (3 )  hydrogen,  (4 )  nitrogen,  are  present  in  large  projxirtions  in 
every  tissue,  and  together  make  up  about  97  per  cent,  of  the  body ; 
and  sulphur,  phosphorus,  chlorine,  fluorine,  silicon,  potassium,  so- 
dium, magnesium,  calcium  and  iron,  are  indispensable  to  the  econ- 
omy, and  are  widely  distributed,  but  are  found  in  comparatively 
minute  quantities.  Occasionally  traces  of  zinc,  lead,  copper,  lith- 
ium, and  other  minerals  may  be  detected,  but  these  must  be  re- 

rded  rather  as  accidental  thau  indispensable  ingredients. 
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The  attempt  to  investigate  the  conipodition  of  a  living  tissue  by 
chemical  aualysis,  must  cause  its  death,  and  thus  alter  the  arrauge- 
ments  of  its  constituents,  so  that  its  true  molecular  constitution 
when  alive,  cannot  he  determined. 

We  know  that  the  composition  ofall  living  textures  is  extremely 
complicated,  every  one  being  made  up  of  a  great  number  of  com- 
ponents, mo."!  of  which  contain  inariy  chemical  elements  associated 
together  in  very  complex  proportions. 

But  as  has  already  been  pointed  out,  the  complexity  of  their 
chemical  constitution  is  not  so  wonderful  as  another  fact  which 
sounds  paradoxical,  that,  in  order  to  preserve  their  elaborate  com- 
j>o*ition,  they  must  constantly  undergo  a  change  or  renewal,  which 
is  ueceasary  for,  and  forms  the  one  essential  characteristic  of,  their 
life.  In  &ct,  their  complexity  and  instability  la  such,  that  they 
ref)uire  constant  reconstruction  to  make  up  for  the  changes  insep- 
arable from  their  functional  activity. 

Their  chemical  constituents  are  easily  and  permanently  disso- 
ciated, and  the  various  components  are  themselves  readily  decom- 
posed, generally  uniting  with  oxygen  to  form  more  stable  com- 
pounds. 

The  investigation  of  the  chemical  changes,  known  as  assimila- 
tion, forms  a  great  part  of  physiological  study,  and  therefore  will 
occupy  many  chapters  of  this  book.  Here  we  can  only  call  atten- 
tion to  the  chief  characteristic  substances  to  be  found  iu  the  animal 
body,  as  the  result  of  the  [)riraary  dissociation  or  death  of  the 
textures,  and  briefly  enumerate  the  products  of  their  further  de- 
composition as  obtained  by  the  analysis  of  the  different  substances. 

The  tissues  of  the  higher  animals  jjreseut  a  greater  variety  of 
substances,  materially  differing  in  chemical  composition ;  they 
have,  however,  all  been  made  from  protoplasm,  and  contain  a  pro- 
|Mrtion  of  some  substance  forming  a  leading  chemical  constituent 
of  protoplasm.  Every  living  tissue  contains  either  protoplasm  or 
a  derivative  of  it,  and  the  special  characters  of  each  tissue  depend 
upon  the  greater  development  of  some  one  of  these  substances. 

It  is  of  little  use  to  classify  the  numerous  chemical  constituents 
found  in  the  animal  body,  iu  such  a  systematic  manner  as  to  sat- 
isfy the  rules  of  modern  chemistry,  because  their  classification  from 
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a  strictly  chemical  point  of  view.  Hoe*  not  set  forth  their  physio- 
logical ini|)ortaiice  or  express  in  any  way  the  relation  they  bear  to 
the  vital  phenomena  of  organisms. 

The  fallowing  enumeration  of  the  chief  chemical  ingredients 
found  in  the  tissues  has  regard  to  their  physiological  dignity  as 
well  as  to  their  chemical  construction,  and  will  thus  it  is  hoped 
assist  the  student  to  distinguish  the  different  group?,  and  give  him 
a  better  idea  of  their  vital  relationships,  than  a  more  strictly  sys- 
tematic classification. 

A.  NITROGENOUS. 

I.  Complex  bodies  forming  the  active  portions  of  all  tis- 
sues— I'lasmata.     /i'.y.,  protoplasm,  blood-plasma. 
II.  Bodies  entering  into  the  formation  of,  and  which  can 
easily  be  obtatoed  by  analysis  of  Group  I. — Albu- 
mins,    ^.f?.,  serum-ulbumin. 

III.  Bodies  the  outcome  of  differenliatiou,  raauufaetured 
in  the  tissues  by  Group  1. — Albuminoids.  £.  ff., 
gelatin,  etc. 

IV.  Bodies  containing  nitrogeu,  being  intermediate,  bye, 
or  effete  products  of  tissue  manufacture.  E.g.,  leci- 
thin, urea,  etc. 


B.  NON-NITROGENOUS. 

V.  Carbohydrates  in  which  the  hydrogen  and  oxygen  ex- 
ist in  the  proportion  found  in  water.     E.g.,  starch 
and  sugar. 
VI.  Hydrocarbons  containing  oxygen  in  less  proportions 
than  the  above.     E.g.,  fats. 
VII.  SalU. 
VIII.  Water. 

Class  A.  NITROGENOUS. 

Group  I.    Plasmata. 

Under  this  group  may  be  placed  a  great  variety  of  materials 
which  must  be  acknowledged  to  exist  in  the  living  tissues  as  ex- 
alted chemical  compounds,  of  whose  chemical  constitution,  how- 


PLASM ATA. 


67 


■ 


ever,  we  are  ignorant,  since  it  is   altered  hy  tlie  death  of  the 
tissue. 

There  are  some  exceedingly  unstable  assMiuliun?  of  ullniminous 
bodies  with  other  substances,  and  they  at  once  break  up  into  their 
more  stable  coaslitueuts,  dead  albumins,  fals,  salts,  etc.,  as  soon 
as  they  are  cleprived  of  the  opportunities  of  chemical  interchange 
and  assimilation  which  are  necessary  for  their  life. 

Although  we  can  only  theorize  aa  to  the  real  chemical  consti- 
tution of  such  substances,  we  must  believe  that  they  really  exist 
in  the  living  tissues  as  chemical  compounds,  and,  moreover,  as 
chemical  compounds  endowed  with  special  properties  which  impart 
the  specific  activity  of  their  textures,  whose  molecular  motions  in 
fact  are  the  essence  of  the  life  of  the  tissues. 

Protoplasm:  By  far  the  most  widely  spread  and  important  of 
these  is  the  soft  jelly-like  substance,  Protoplasm.  Tlus  is  the 
really  active  part  of  growing  textures  of  all  organisms,  whether 
animal  or  vegetable,  and  forms  the  entire  mass  of  those  interme- 
diate forms  of  life,  the  protista,  which  are  now  generally  regarded 
as  the  original  fountain  head  of  life  on  the  globe. 

This  material  commonly  exists  in  small  independent  masses 
(cells),  in  which  we  can  watch  all  the  manifestations  of  life,  assim- 
ilation, growth,  motion,  etc.,  taking  place.  We  must  assume  that 
this  substance  is  a  definite  chemical  compound  ;  aixl,  further,  since 
the  living  phenomena  are  exhibited  only  so  long  as  it  preserves 
its  chemical  integrity,  we  may  conclude  that  its  manifestations  of 
life  depend  upon  thesustenation  of  a  special  chemical  equilibrium. 
Not  only  is  this  equilibrium  destroyed  by  any  attempt  to  ascertain 
the  chemical  composition  of  protoplasm  by  analysis,  but  even  for 
its  preservation  the  protoplasm  must  be  surrounded  by  those  cir- 
cumstances which  are  known  to  be  necessary  for  life,  viz.,  moisture, 
warmth,  and  suitable  nutritive  material,  or  its  chemical  destruc- 
tion must  be  warded  off  by  a  degree  of  cold  that  checks  its  chem- 
ical activity. 

If  the  chemical  integrity  of  protoplasm  be  destroyed  and  its 
death  produced,  many  new  substances  appear,  amongst  which  are 
representatives  of  each  of  the  great  chemical  groups  found  in  the 
animal  ti&sues.    Thus,  besides  water  and  inorganic  salts  we  get 
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from  protopliisin  cttrhohyd rates  represented  by  glycogen,  lecithin, 
and  other  fat*,  and  several  nllmminous  bodies,  which  will  be  de- 
scribed in  ihr  ifrouj»to  which  they  belonp.  In  addition  to  these, 
protoplasm  ollcn  contains  some  foreigo  bodies  which  have  come 
From  without,  and  8|>ccial  ingredients  of  its  own  manufacture,  such 
as  oil,  pigtiieiit,  starch,  and  chlorophyll. 

Uluod-jiliunna :  There  is  another  body  in  living  blood  which 
must  be  included  in  this  group,  as  it  undoubtedly  has  a  much 
more  (■(implex  constitution  than  any  of  the  individual  albuminous 
biMlies,  prest-ntly  to  bo  described,  which  can  be  obtained  from  it. 
This  is  proved  by  the  following  facta:  first,  its  death  is  accompa- 
nied by  a  scries  of  chemical  changes,  viz.,  disappearance  of  free 
oxygen,  diminution  of  alkalinity,  and  a  rise  in  temperature,  and 
aaeondly,  that  several  albuminous  bodies  appear  which  were  not 
present  as  such,  in  the  living  plasma. 

The  gi>ontJjneons  decomposition  of  separated  blood-plasma  may 
be  delayed  by  cold  ;  at  freezing  point  the  chemical  processes  are 
thus  held  in  check.  During  life  the  exalted  cunstitution  of  the 
plasma  is  sustained  by  certain  chemical  interchanges  which  go  on 
between  it  and  itH  surroundings.  This  question  will  be  in  ore  fully 
di80usse<l  when  the  coagulation  of  the  blood  is  described. 

Miueie-planna :  Likewise,  as  will  be  found  in  the  chapter  on 
Musclee,  there  exists  in  the  soft,  contractile  part  of  striated  mus- 
cles ft  plasma  which  nt  its  death  spontaneously  breaks  up  into 
several  distinct  albuminous  bodies  and  forms  a  coaguluni.  These 
changes  are  accntnpnoiod  by  acidity  of  reaction,  the  tlisap))earance 
of  oxygen  and  an  elevation  of  temperature,  showing  that  distinct 
chemical  change  is  taking  place. 

Ozy-hctmoglobI II,  the  coloring  matter  of  the  blood,  should  be 
included  here  amongst  the  important  chemical  bodies  more  com- 
plex than  the  ulbununs.  This  singular  body  can  be  broken  up 
into  a  globulin  and  a  coloring  m&lter  hmmalin  containing  iron. 
It  differs  from  all  other  bodies  of  a  similarly  complex  imtiire  from 
the  fact  that  it  readily  crystallizes,  and  also  in  the  very  remark- 
able manner  in  which  it  combines  with  oxygen,  and  again  yields 
it  up. 
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Group  II.    Albuminous  Bodies. 

It  18  difficult  to  say  how  far  these  bodies  exist  as  such  iu  the 
living  or>;ani6m,  but  they  can  be  obtained  from  nearly  nil  parts, 
particularly  those  which  contain  active  protoplasm,  and  after  its 
death  they  can  be  detected  in  abundance.  As  may  be  seen,  by 
testing  for  their  presence  in  living  protoplasm,  the  addition  of  any 
chemical  reagent  or  treatment  causes  its  death,  so  that  although 
albumins  appear  in  the  test-tube,  this  cannot  be  accepted  as  proof 
that  they  would  have  nn.swered  to  the  tests  before  the  protoplasm 
was  changed  by  its  death. 

They  do  not  occur  normally  in  any  secretion  except  those  sub- 
stances which  tend  to  nourish  the  adult  body,  and  to  form  and 
nourish  the  offspring,  viit.,  the  ovum,  semen,  and  milk.  No  satis- 
factory formula  has  been  suggested  to  express  their  chetnical  com- 
position, but  the  average  j)ercentago  of  the  elements  they  contain 
is  remarkably  alike  in  all  members  of  the  group.  This  may  be 
said  to  be  in  round  numbers  as  follows : 

Oxygen ,        .  21   j)er  cent. 

Hydrogen, 7        " 

Nitrogen, 16        " 

Carbon 63        " 

Bolphur 1        " 


They  are  amorphous,  of  varying  solubility,  and  with  one  excep- 
tion inditfusible  in  water. 

As  far  as  we  know  at  present,  albumins  cannot  be  constructed 
de  novo  in  the  animal  body,  but  must  be  supplied  in  one  form  or 
another  as  part  of  the  food.  Albumins  are  therefore  always  the 
outcome  of  the  activity  of  vegetable  life. 

They  can  be  recognized  by  the  following  tests  : 

1.  Strong  nitric  acid  gives  a  pale  yellow  color  to  strong  solo- 

tions  or  solid  albumin,  which  turns  to  deep  orange  when 
ammonia  is  added  ( Xanthoproteic  teat). 

2.  Millon's  Reagent  (acid  sol  ution  of  proto-nitrate  of  mercury) 
gives   a   white    precipitate   which   soon   turns    yellow, 
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chaDgiog  to  rosy-red  on  prolonged  boiling,  or  after  stand- 
ing for  some  dayB. 

3.  Solution  of  caustic  soda  and  a  drop  of  cupric  sulphate 
solution  give  a  violet  color  to  the  liquid. 

4.  Acetic  acid  and  boiling  give  a  white  precipitate. 

5.  Acetic  acid  and  potassium  ferro-cyiiuide  give  a  flocculeot 
white  precipitate. 

(1.  Acetic  acid  and  equal  volumes  of  so<lium  sulphate  solution 
give  a  precipitate  on  boiling. 

7.  With  sugar  and  sulphuric  acid  they  become  violet. 

8.  Crystals  of  picric  acid  added   to  their  solutions  dissolve 
and  at  the  same  time  cause  bead-like  local  coagulations. 

Classification  ok  Albumins. 

Under  the  head  of  the  albuminous  bodies  we  6nd  several  classes 
which  difler  from  each  other  in  slight  but  very  important  points. 
The  first  clasR  may  be  called 

A.  Albumitu  Proper,  or  Nalli'e  Alhtimins. 
They  consist  of: 

1.  Egg-Albumin,  which  does  not  occur  in  the  ordinary  tissues 
of  the  animal,  can  be  procured  by  filtration  from  the  white  of  an 
egg.  It  makes  a  clear  or  slightly  opalescent  solution  in  water, 
from  which  it  is  precipitated  by  mercuric  chloride,  silver  nitrate, 
lead  acetate,  and  alcohol.  It  is  coagulated  by  bent,  strong  nitric 
and  hydrochloric  acids.or  prolonged  exposure  to  alcohol  and  ether. 

2.  Serum- Albumin,  on  the  other  hand,  is  one  of  the  chief  forms 
of  albumin  found  iu  the  nutrient  fluids. 

It  differs  from  egg-alburaiu  iu — 

(o)  Not  coagulating  with  ether. 

(6)  The  precipitate  obtiuncil   by  strong  hydrochloric  acid 
being  readily  redissolvcJ  by  excess  of  the  acid. 

(c)  Coagulum  being  more  readily  soluble  in  nitric  acid. 

(d)  Its  specific  rotatory  power  being  5(j°,  while  that  of  egg- 
albumin  is  35.6°. 

(e)  If  introduced  into  the  circulation,  it  is  not  eliminated 
with  the  urine  as  is  egg-albumin. 
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B.   Globxdint. 

Associated  with  tlie  lai<t  during  the  life  of  the  tissues  we  find 
another  class  of  albumius,  namely,  the  globulins,  which  do  not 
dissolve  in  pure  water,  but  are  more  or  less  soluble  in  a  solution 
of  common  wilt.     These  may  be  divided  as  follows: 

1.  Globulin  (crystalline)  occurs  in  many  tissues,  but  is  usually 
obtained  from  an  extract  of  the  crystalline  lens  made  by  tritura- 
ting it  with  fine  sand  in  a  weak  solution  of  common  salt,  and  then 
passing  a  current  (if  carbon  dioxide  through  the  solution.  The 
globulin  falls,  being  easily  precipitable  from  its  saline  solution  by 
very  weak  acid.  This  form  of  globulin  does  not  cause  coagulation 
ou  its  being  added  to  a  serous  fluid,  and  in  this  respect  differs 
from  the  next  members  of  this  division. 

2.  Paraglobulin  (_ fibrinopladhi)  can  be  obtained  by  pa&sing 
through  diluted  serum  a  brisk  stream  of  carbon  dioxide.  When 
a  fluid  containing  paraglobulin  is  added  to  u  serous  trausudntiuu, 
it  causes  coagulation  of  the  fluid  giving  rise  to  fibrin. 

3.  Fibrinogen,  a  viscou.s  precipitate  got  from  serous  fluids  or 
blood  in  the  same  way  as  the  last,  but  with  greater  dilution  and 
more  prolonged  use  of  carbon  dioxide.  It  is  similar  in  its  charac- 
ters to  the  last,  but  coagulates  at  a  lower  temperature  (55°  C.) 
(paraglobulin  coagulating  at  60°-70°  C).  On  its  addition  to 
defibriualed  blood,  or  a  fluid  containing  paraglobulin,  it  forms  a 
coagulum. 

4.  Myofin,  obtained  from  dead  muscle,  being  the  soft  jelly-like 
clot  formed  during  rigor  mortis  from  the  dying  muscle  plasma. 
It  is  not  so  soluble  as  globulin,  for  it  requires  a  stronger  solution 
of  salt  to  dis.solve  it,  and  is  precipitated  from  its  saline  solution  by 
solid  salt  or  by  dilution.     It  is  coagulated  at  GO"  C. 

5.  Vitellin,  a  white  granular  proteid  obtained  from  the  yolk  of 
egg.  It  is  very  soluble  in  10  per  cent,  saline  solution,  from  which 
it  can  be  precipitated  by  extreme  dilution,  but  not  by  saturation 
with  salt.     It  coagulates  between  70°  and  80°  C. 

C  Derived  Albumiiu  (Albuminates). 

1.  Add  Albumin  (Syntonin)  can  be  made  from  any  of  the  pre- 
ceding by  the  slow  action  of  a  weak  acid  ;  or  by  the  addition  of 


MAJfDAL,  OF   PHYeiOLOGY. 


stroug  acetic  or  liydrocliloric  acids  to  native  alburaiu,  auch  as 
exists  iu  white  of  egg,  and  dissolving  the  jelly,  thus  formed,  in 
water.  It  is  only  soluble  in  weak  acids — exact  neutralization 
precipitating  it.  With  the  least  excess  of  alkali  the  precipitate 
re-dis.«olves,  becoming  changwl  into  nlkali-alburain. 

So  long  as  it  is  dissolved  in  weak  acid  it  will  not  coagulate  on 
boiling,  but  it  coagulates  and  becomes  incapable  of  re-solutiou  if 
healed  while  precipitated  by  neutralization. 

2.  Alkali- Albnmiit. — Similar  to  the  last,  but  produced  by  the 
action  ofeither  weak  alkalia-)  and  dilute  solutions,  or  stroug  solution 
of  potash  on  white  of  egg.  Ita  general  behavior  is  the  same  as  the 
above — but  as  it  diflTers  in  composition,  containing  no  sulphur — 
it  can  therefore  he  distinguished  by  the  absence  of  the  brown 
coloration  which  appears  on  heating  acid-albumin  with  caustic 
potash  and  lead  acetate. 

3.  Vatein  is  the  proteid  existing  in  milk,  and  resembles  alkali- 
albumin  iu  its  reactions.  It  can  be  precipil4ited  from  railk  by 
rennet,  or  acetic  acid  in  excess,  but  not  by  exact  ueulralization, 
owing  to  the  presence  of  potAssiuni  j)hosphate. 

D.  Fibrin. 

A  solid  filamentous  body,  the  result  of  chemical  changes  accom- 
panying  the  death  of  the  blood-plasma,  during  which  the  so-called 
fibrin  generators  are  set  free.  It  swells  in  weak  hydrochloric  acid, 
but  does  not  dissolve  while  cold.  If  heated  to  GO'  C.  in  acid,  it 
change^)  to  acid-albumin  and  dissolves.  By  10  per  cent,  neutral 
aaline  solutions,  a  substance  like  a  globulin  may  be  extracted  from 
it.     If  heated,  it  assumes  the  characters  of  a  coagulated  pmteiij. 


E.   CoagtUated  Albumin. 

If  any  of  the  above  be  heated  to  70'  C.  (except  acid  and  alkali- 
albumin,  which  must  first  be  precipitated  by  neutralization)  they 
coagulate  and  become  extremely  insoluble  and  lose  their  former 
characters.  They  are  but  very  slightly  acted  on  by  weak  acids, 
even  when  warmed.  Strong  acids  dissolve  them,  but  this  solution 
is  associated  with  a  <lestructive  change.     They  are,  however, 
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readily  converted  by  the  digestive  ferments  and  juices  into  pep- 
tones, and  thus  dissolved. 

F.  Peptone. 

This  substance  is  formed  by  the  action  of  the  digestive  ferments 
from  any  of  the  above  albutnius,  in  the  stomach  by  pepsin  in  the 
presence  of  dilute  acid,  and  in  the  small  intestines  by  trypsin  in 
the  presence  of  dilute  alkali.  This  chanj^  renders  them  more 
soluble  and  diifusiblc,  and  thus  enables  them  to  pass  out  of  the 
alimentary  canal  into  the  system,  and  makes  them  more  suited  to 
take  part  in  the  nourishment  of  the  body. 

The  leading  characteristics  of  peptones  maybe  thus  enumerated  : 

1.  Very  ready  solubility  in  hot  or  cold  water,  acids  or  alka- 
lies. 

2.  Not  coagulable  by  heat. 

3.  They  are  precipitated  by  alcohol  but  not  changed  to  the 
coagulated  form. 

4.  They  diffuse  readily  through  animal  membrane. 

5.  They  are  not  precipitated  by  sulphate  of  copper,  chloride 
of  iron,  or  ferro-cyanide  of  potassium  and  acetic  acid. 

6.  They  are  precipitated  by  iodine,  chlorine,  tannin,  chloride 
of  mercury,  and  the  nitrate  of  silver  and  mercury. 

7.  Caustic  potash  and  a  trace  of  sulphate  of  copper  added  to 
their  solutious  give  a  red  color  which  deepens  to  violet 
if  too  much  of  the  copper  salt  be  used. 

The  formation  of  {jeptones  is  a  gradual  process  having  many  in- 
termediate steps,  in  the  earlier  stages  of  which,  precipitates  are 
formed  by  ferro-cyanide  of  potassium  ami  acetic  acid.  (  Vide 
Chaps.  VIII.  and  IX.  and  on  Chemistry  of  Digestion,  pp.  131  and 
141.) 

Group  III.     Albuminoids. 

These  are  the  outcome  of  nutritive  modification  of  protoplasm, 
and  may  be  said  to  be  directly  manufactured  by  that  substance, 
and  to  be  specially  adapted  to  meet  the  retpiirements  of  certain 
textures  differing  widely  in  fuuction.  They  are  allied  to  one 
another  and  to  the  last  group  by — (a)  their  percentage  composi- 


64 


MANUAL   OF   PHYSIOLOGY. 


lion*  ;  (b)  containing  nitrogen ;  (c)  being  amorphous  colloids. 
They  differ  frora  albuminous  bodies  in — (a)  their  solubility;  (b) 
their  behavior  to  heat,  acids,  alkalie:*  and  the  digestive  fluids ;  and 
(c)  their  value  as  food-stuffs. 

1.  Mxtcin  is  the  characteristic  ingredient  of  the  mucus  manufac- 
tured by  epithelial  cells,  and  is  also  found  in  connective  tissue 
(abundantly  in  that  of  the  fcetus)  and  in  some  pathological  growths. 
It  gives  a  peculiar  thick  ropy  consistence  tu  the  fluid  containing 
it,  enabling  it  to  be  drawn  into  threads.  It  is  precipitated  by 
mineral  acids,  alum,  and  alcohol,  and  the  precipitate  swells  in 
water  and  is  re-dissolved  in  excess  of  the  acid.  With  acetic  acid 
a  precipitate  is  formed  which  does  not  re-dissolve  in  an  excess  of 
the  acid.  When  boiled  with  sulphuric  acid  it  yields  leuciu  and 
tyrosin. 

2.  Chondrin  is  obtained  by  the  prolonged  boiling  in  water  of 
slices  of  cartilage  cleared  of  the  perichoudiiuni.  On  cooling,  this 
solution  forma  a  jelly.  The  jelly  dissolves  easily  in  hot  water  or 
alkalies,  and  can  be  precipitated  by  acetic  or  weak  mineral  acids, 
alum  or  acetate  of  lead.  It  gives  only  leucin  on  boiling  with  sul- 
phuric acid. 

3.  Oelatin  is  produced  by  boiling  fibrous  connective  tissues,  such 
as  ligaments,  tendons,  the  true  skin  aud  boues  in  water.  Ou  cool- 
ing, the  fluid  forms  a  jelly,  which  can  be  dried  to  a  colorless  brit- 
tle body  which  swells  in  cold  water  and  dissolves  on  being  heated. 
It  is  not  precipitated  by  acetic  acid,  but  yields  precipitates  with 
chloride  of  mercury  or  laniiin,  which  latter  is  seen  in  making 
leather.  Ou  boiling  with  sulphuric  acid  it  yields  glycin  aud  leu- 
cin but  no  tyrosin. 


I 


•  The  following  Table  gives  the  composition  of  the  principnl  ilbumi- 
noids  and  alliiimin  : 


Gelatin. 


sop.  c. 

7 
18 
2S 

0.6 


ElBstln.    I  Ohoudrln. 


S5  p.  0. 
7 
17 
20 


47  p.  V. 

D 

u 

81 

o.« 


Muclu. 


SOp,  0. 
7 
10 
83 


Keratin. 


M  p.  e. 
« 
17 
•il 

3 


Albumin. 


81-54  p.  c. 

e-  7 
15-17 
■."O-'^S 

■i-  -1.3 
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4.  Ehulin  is  ohtuined  from  yellow  elastic  tl«iiie  by  boiling  witli 
caustic  alkalies.  It  is  little  atfccteci  by  builiug  water,  Ktrong  u<-eti(r 
acid,  or  weak  nikalies,  but  diswlves  in  conceiilnited  sulphuric 
acid.  It  is  precipitated  by  tannin,  and  yields  leuciu  when  boiled 
with  i>ulphuric  acid. 

5.  Keratin  exists iu  the  epidermic  appendages  (hair,  hnrn.Duil.", 
flc).  It  i.s  like  the  albuminous  bodies  in  containing  a  considrra- 
hlequautity  of  sulphur,  hut  differs  from  them  and  the  other  alhu- 
miooids  io  general  properties.  It  is  soluble  in  alkalies,  swells  in 
strong  acetic  acid,  gives  the  xanthoproteic  reaction,  and  is  ex- 
tremely insoluble  in  the  digestive  juices. 

Group  IV.     Pkoductb  op  Tissue  Chanob. 
Inlermediitle  or  bye  produd.». 

These  are,  no  doubt,  protoplasmic  manufactures  destined  for 
some  useful  purpose,  but  they  <lo  not  long  exist  in  their  original 
form,  In-ing  ofieu  broken  up  into  other  com  pounds  tliey  are  re- 
absorbed, or  pass  away  with  the  faces.  Thene  bfjdies  are  found 
in  the  various  secretions.  Most  of  (hem,  however,  can  be  belter 
described  with  the  function  of  the  gland  which  forms  the  secre- 
tion in  which  they  occur. 

Attention  must  here  be  drawu  however  Io  ccrtnin  complex 
bodies  existing  iu  the  bile.  Some  com|)lcx  tiiinigenous  substitnces 
and  the  niouatomic  alcohol,  chotesterin,  will  also  be  now  men- 
tioned. But  the  render  must  remcmljer  that  chemically  they  are 
not  connected  with  the  other  bodies  the  description  of  whir'h  ini- 
mtdiately  follows  theirs,  namely,  the  effete  products. 

Dili  SnUn. — Two  acids  exist  in  the  bile  united  with  soda  to  form 
soluble  soup-like  salts.  They  may  be  recognized  by  the  purple- 
violet  color  produced  by  cane-sugar  and  sulphuric  acid  at  a  lem- 
jierature  of  uljout  70^  C.  (Petlenkofer's  reaction). 

TburocAo/ic  .4ei'd,  C„H„NSO„  is  most  plentiful  in  the  bile  of 
carnivora  and  man,  where  it  occurs  cutnbined  with  soda,  ll  is 
decoraposd  by  pridoiiged  boiling  with  water  into  tauriu  and  cholic 
acid,  thus: 

Tnurochollc  &cid.  Tmirin.  Cholic  icld. 

C^H.sNSO,  -f  H,0  =  C.HjNSO,  -f  C^H^O,. 
« 
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0/ycocAo/ie /4Mfi,  C„H„NO,,  foiinil  in  tlie  biie  of  lierbivora  and 
man.  It  crysta)li7.e.s  in  fine  white  glistening  nceHlci<.  It  exists 
as  llie  glypoeholate  of  soda  in  tlio  Uile.  By  boiling  with  weak 
acid  it  yields  glycin  snd  chi>lic  ncid. 

Otycnchollc  wld.  Olycln.  Cholto  ncld.  

C„H..NO.  +  H,0  =  C,NH,0,  +  C,.H„0.. 

In  the  bile  certain  matters  also  exist  to  which  the  color  is  due, 
the  principal  beitig  6i7rri(6Nt  in  man  and  carnivorn,  and  bilii'ertiin 
in  herbivora.  They  art'  prohiibly  dcriveil  from  the  coloring  niat- 
Xer  of  the  blood.  They  can  be  recognized  by  treating  the  solution 
with  nitric  acid  which  is  colored  witli  red  fumes,  when  a  play  of 
colurt)  ending  in  a  dull  purple  is  seen. 

LccUhiii,  C'„II^NPO,j,  is  a  complex  nitrogenous  fat  found  in 
most  lis-uesand  fluids  of  the  body,  particularly  in  the  nerve  tissues 
and  yolk  of  egg.  It  is  an  interesting  product  of  decomposition  of 
the  coiistituenta  of  the  brain,  which  is  rctated  in  constitution  to 
the  neutral  fats,  aud  it  may  he  regarded  as  au  acid-glycerin  ether. 
It  is  easily  decomposed  when  heated  with  baryta-water,  splitting 
into  glycerin,  j>lio»j>horic  acid,  neurin,  and  barium  slearate. 

Another  body  cnili'd  Cerehriii,  not  containing  any  phosphorus 
and  of  doubtful  composition,  can  be  obtained  from  brain  sub- 
stance, and  is  al.so  f<Hiiid  in  nerve  fibres  and  pus  corpuscles.  It 
is  a  light  colorless  powder  which  swells  iu  water, 

Prottif/on,  Cj^iHj^NjPO^,  is  by  some  supposed  to  be  the  chief 
coni'lituent  of  brain  substance,  and  by  ulbers  said  be  a  mixture 
of  the  last  two  bodies. 

Nevrin  (Cholin),  C5H15NO,,  is  au  oily  liijuid  only  found  in  the 
body  as  a  product  of  tiie  decomposition  of  lecithin,  but  it  has 
been  obtained  synlbciically. 

C3wle»t*rin,  Cj,H„0,  exists  throughout  the  body  where  active 
tissue  change  is  going  on,  particularly  the  nervous  centres.  It  is 
a  monulomic  alcohol,  aud  is  the  only  one  existing  free  in  the  body. 
It  may  I)p  ohtaineil  from  gall-stones,  some  of  which  consist  entirely 
of  cholesterin.  It  may  occasionally  be  found  iu  a  crystallized  form 
in  any  of  the  fluids  of  the  body  normal  or  pathological,  but  it 
only  seems  to  be  an  efiete  product,  nearly  all  that  produced  in  the 
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oAj  b<?ing  discharged  along  with  the  effete  portions  of  the  bile. 
[t  may  be  recognized  by  the  shape  of  the  crystals,  which  are  rhom- 
bic plates,  in  which  one  corner  is  generally  deficient. 

Effete  Prodiicls. 

The«e,  as  has  been  stated  before,  are  generally  the  outcome  of 
the  active  chemical  changes  necessary  for  the  growth  and  vitality 
of  the  living  protoplasm,  and  are  for  the  most  part  soon  eliminated 
by  the  excretonr'  glands,  so  that  but  small  quantities  of  them  can 
found  in  the  active  tissues  where  they  are  produced. 
(7rc«,  CO(NH,)j,  is  the  most  impwrtant  constituent  of  the  urine 
Jof  mammalia,  but  not  of  that  of  birds  or  reptiles.  Traces  of  it 
may  be  found  in  the  fluids  and  (issues  of  the  body.  It  is  readily 
soluble  in  water  and  alcohol,  and  forni!<  crystals  when  its  solution 
is  concentrated.  It  decomposes  when  treated  with  some  strong 
acids  or  alkalies,  taking  up  water  and  yielding  CO,  and  NH„ 
aud  with  nitrous  acid  gives  COj-fN  +  U.O.  It  was  the  first  of 
the  so-called  "  organic  "  compounds  to  be  made  artificially,  being 
obtained  in  1828  by  mixing  watery  solutions  of  cyannte  of  potas- 
.iium  aud  sulphate  of  amniouium,  evaporating  to  dryness  aud  ex- 
tracting with  alcx)hol,  or  in  short  by  heating  cyauate  of  ammonia 
with  which  it  is  isomeric. 

CN    )  CO") 

AmmoDium  Cyanate  =  N  H,  [•  O  =  H,      f  N,  =  Urea. 

3  H,     ) 

It  can  now  be  procruce<l  artificially  in  other  ways. 

It  has  also  been  considered  to  be  a  diamide  of  carbonic  acid 
l(CO(OH),),  the  two  atoms  of  hydrosyl  being  replaced  by  two 
[atoms  of  araidogen,  NH,,  thus — (CO(NH.j),).     In  the  presence 

of  septic  agencies,  in  a  watery  solution,  urea  takes  up  two  atoms 
[of  water  and  is  converted  into  carljonate  of  amniouium — 

CO(NH,),  -f  2II,0  =  CO(ONH.)r 

I  The  sOKralled  alkaline  fermentation  of  urine  depends  u[K)n  this 
change.  The  reader  is  referred  to  the  Chapter  on  Excretions, 
where  more  complete  information  is  given. 

Kreatin,  C,II,N,0,,  occurs  in  muscle  and  many  other  textures. 
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It  may  be  converted  into  kreatinin  by  the  action  of  acids  byeim- 
plc  dehydration.    It  can  also  be  split  up  into  snrcosiii  and  urea. 

Krmtiuin.  0,11^,0,  is  a  dehydrated  form  of  kreatin,  which  is 
a  normal  constituent  of  urine.  In  watery  solutions  it  is  slowly 
converted  into  kreatin. 

Allantoin,  C,H,N,0„  found  in  the  allantoic  fluid  and  the  urine 
of  the  fa<tus  aud  pregnant  women.  It  is  crysljillizablc,  and  is 
converted  into  urea  aud  allantoic  acid  by  oxidation. 

Gtyein  ( GlyeoeoU  or  Glycwine),  C,H,( NH,)O.OH,  or    " 


H     [N, 
U     ) 


in  reganied  as  amido-aoetic  acid.  It  does  not  occur  free  in  the 
body,  but  cntera  into  the  coni|>osition  of  the  bile  acids  and  hip- 
purii'  ncid.     It  is  soluble  in  water, 

C.H,.0.) 
Jjtuein,  C,H„(NH,)O.OH,  or     H        >  N,  amido-caproic  acid, 

H       j 

is  found  iu  the  gerretion  of  the  paucreas  and  some  other  glauds. 
It  is  one  of  the  principal  products  of  the  decomposition  of  albu- 
minous bo<iie8,  fiom  which  it  cnu  be  obtained  by  boiling  with  sul- 
phuric acid. 

Tyroain,  C,H„NO,,  (hough  belonging  to  a  distinct  cliemical 
series  (aromatic),  is  only  found  in  company  with  leuciii  iu  the 
decom|K>8iliou  of  albuminous  bodies,  and  normally  iu  the  pan- 
creatic secretion. 

C  II  ) 
Taurin,  C,H,NO,R,  or  -m'jj'  [  SO,,  is  a  constituent  of  one  of 

the  bile  nrids,  and  is  also  found  in  muscle-juice.  It  may  be  re- 
garded US  amido-elhylsulpliouic  acid. 

Uric  Acid,  C,H,N,0,  (dibasic),  is  found  in  large  quantities  in 
the  excrcincut  of  birds  and  reptiles,  but  in  a  small  aud  vnriable 
quantity  in  the  urine  of  nmn.  Truces  have  been  fuuud  in  niauy 
tissues,  in  some  of  which  large  quantities  accumulate  as  the  result 
of  patholo^iciil  pHRVsses  (gout).  It  forms  sails  which  are  much 
loss  soluble  in  cold  ihan  in  hot  water,  and  luake  the  common 
sediment  in  urine.  The  acid  salts  are  less  soluble  than  the  neutral. 
The  common  lest  for  uric  acid  consists  of  slowly  evaporating  the 
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stance  to  dryuess  with  a  little  nitric  acid,  aud  to  the  residue 
laddiog  atninonia.when  a  bright  purple  color  is  pro<luced  (inurexide 
fftest).    Uric  acid  is  suppose*!  to  be  a  step  iu  the  production  of  urea, 

which  IS  one  of  the  results  of  its  oxidatiou  in  the  presence  of  acids, 

thus : 

tlricacM.  Allnxan.  rrea. 

CjH.NA  +  H,0  +  O  =  C.U.Np.  +  CO(NH,),. 

Htppurte  Acid,  C,H,NO„  or  C.HjO   V  N,  occurs  in  considerable 

H       ) 

quantities  in  the  urine  of  the  horse  and  herbivora  generally.  It 
is  found  but  very  sparingly  in  man's  urine,  but  it  appears  in  large 
]  quantities  after  benzoic  acid  and  some  other  medicaments  have 
'  been  taken.  In  constitution  it  is  an  araido-ncetic  acid  in  which 
one  atom  of  the  hydrogen  is  replnced  by  the  radical  benzoyl 
(C,IIjO).  In  the  body  it  is  combined  with  bases,  and  is  formed 
out  of  benzoic  acid  and  glvfuu  (^amido-aeetic  acid),  thus: 

(Jly<:lD.  Benzoic  acl<).  [Ilppurlc  acid.  Water. 

(C,H,(NH,)O.OH  +  C.H.O,  =  C,H(C,H,0)(NH,)O.OH  +  H,0. 

By  heating  or  putrefaction  it  is  resolved  into  these  cijustituents. 

Indol,  C,H,N,  is  produced  in  the  intestinal  canal  by  the  putre- 
factive changes  brought  about  by  septic  agencies  during  pancreatic 
dig&'ttiou.  It  gives  an  odor  to  the  ffeces  and  a  red  color  with 
nitrous  acid. 

Ind'uxtn,  a  peculiar  substance  sometimes  found  in  the  urine  and 
sweat.  With  oxidizing  agents  it  yields  indigo  blue.  By  this  fact 
it  is  easily  recognized.  An  equal  volume  of  hydrochloric  acid  and 
a  very  small  quantity  of  calcium  hypochlorite  (bleaching-lirae)  is 
added,  and  the  indigo  which  is  formed  can  then  be  dissolved  and 
separated  by  agitation  with  chloroform. 


Ci-AssB.  NON-NITROGKNOUS. 

Group  V.     Carbouyuuatem. 

Carboht/dratei  (general  formula,  C„H,„Ob")  are  bodies  in  which 
the  hydrogen  an<l  oxygen  exist  in  the  same  proportion  as  in  water, 
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the  carbon  being  variable.     The  folloiving  examples  of  this  group 
are  met  with  in  the  textures  of  the  body  : 

Orape  Sugar  {Dexlrose),  C,H„0,,  occurs  in  minute  quantities  in 
the  blood,  chyle,  and  lyraph.  It  forms  crystalH  which  readily  dis- 
solve iu  their  own  weight  of  water.  The  watery  solution  has  a 
dextro-rotatory  power  on  the  ray  of  polarized  light.  When  mixed 
with  yeast,  the  fungus  (Saccharnmyceg  cerviaUr)  of  the  yeast  causes 
alcoholic  fermentation  of  the  sugar,  whereby  alcohol  and  carbon- 
dioxide  are  formed. 

Dextnwo.  Alcohul. 

C.n„0.=  2C,H„0  +  2CO,. 

Moderate  heat  (25°  C.)  aids  the  process,  and  cold  below  5°  C. 
checks  it ;  au  excess  of  either  sugar  or  alcohol  stops  it. 

The  presence  of  casein  or  other  proteid  material,  when  de- 
composing, gives  rise  to  lactic  jermentation,  producing  first  lactic 
acid,  then  butyric  and  carbon-dioxide  and  hydrogen. 

Dextrose.         luetic  acid.       Kulyrle  nckl. 

C.H„0,  =  2C,U.O.  =  C.H.O,  -f  2C0,  +  H.. 

Jl/i7A->S't(jmr  (Laf<0»e),C„H„O,|  +  HjO,  isomeric  with  cane  sugar 
(sucrose).  It  is  the  characteristic  sugar  found  in  milk.  It  is  not 
so  soluble  as  dextrose,  and  does  not  undergo  direct  alcoholic 
fermentation  .but  undertlie  iutlueuce  of  certain  organism.**  it  readily 
gives  rise  to  lactic  acid  by  lactic  fermentation  in  the  same  way 
as  dextrose.     (See  Milk.) 

Tnosit,  C„H„0,  -{-  211,0,  is  an  isomer  of  grape  sugar,  which  is 
incapableof  undergoing  alcoholic  fermentation.  It  is  crystal  iizable, 
and  easily  soluble  in  water.  It  has  no  effect  on  the  pwlarized  ray. 
It  is  found  iu  the  muscles,  and  also  in  the  lungs,  spleen,  liver,  and 
brain. 

Glyeogenx,  C„II,„05,  a  body  like  dextrin,  first  found  iu  the  liver. 
It  gives  an  opalescent  solution  in  water,  and  is  readily  converted 
into  dexlrose  by  an  amyiolytic  ferment,  or  weak  acid.-<.  It  has  a 
strong  dextro-rotatory  power.  It  ciin  be  found  in  most  rapidly 
growing  tissues.     (See  Glycogenic  Function  of  the  Liver.) 
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Orortp   VL    Fats. 

Tlie^e  Ijdilief  have  llic  same  eleineiilH  in  their  oonipojiiiiiPti,  but 
the  hydnigeii  and  oxygeti  liave  variable  prnportiimiii — not  ihat 
of  water.  Fats  are  found  in  large  masses  in  some  tiesuea,  and 
nUo  as  fine  particles  suspended  in  many  of  the  fluids.  The  fat  of 
adipose  tissue  iu  niau  is  a  mixture  of  ulcin,  palmitin,  and  stearin, 
which  are  commonly  spoken  of  as  the  neutral  fats. 

The  first  is  liquid,  and  the  last  two  solid  at  normal  temperatures, 
nud  the  varying  consistence  of  the  fat  of  different  animals  depends 
upon  the  relative  proportions  of  the  more  solid  or  liquid  fats. 

Fats  are  soluble  in  ctlier  aD<I  chloroform,  but  quite  insoluble 
in  water.  When  agitated  in  water  containing  an  albuminous 
lK)dy,  or  an  alkaline  carbonate  in  solution,  fluid  fat  is  broken  up 
into  small  particles,  which  remain  suspended  iu  the  liquid  so  as 
to  form  an  opaque  milky  emuUiou. 

Chemically,  ihey  are  regarded  as  ethers  derived  from  the  tri- 
atomic  alcohol  glycerin,  C,H,(OH)j,  by  replacing  the  hydrogen 
atoms  of  the  OH  group  by  the  oxidized  radicals  of  the  fatty  acids  ; 
thus — 

Glyovrin         t    i'ulmltic  add    —  Tripolmitln  +    Water. 

C.H.(OH ),  +  3(C,.H„0,)  =  C.Hp,  (C,.H„0),  +  3H,0. 

Under  the  influence  of  certain  ferments  they  separate  into  glyce- 
rin and  the  fatly  acid,  taking  up  the  necessary  elements  of  water. 

When  the  neutral  fat*  are  boiled  with  alkaline  solutions  they 
are  simil.irly  decomposed,  and  uniting  with  the  element!)  of  water, 
form  glycerin  and  fatty  acids.  The  glycerin  is  thus  set  free,  but 
the  fatty  acid  contbiues  with  the  alkaliue  metal  to  form  a  kind  of 
soluble  tonp.  An  insoluble  soap  ma}'  be  obtained  by  substituting 
lead  or  lime,  etc.,  for  the  alkali. 

This  ftplitting  up  of  the  neutral  fats,  stearin,  palmitin,  and  olein 
iato sodium  stearate,  palmitate,  or  oleate  goes  on  during  digestion, 
and  isaaid  to  be  useful  in  aiding  the  absorption  of  fatty  matters. 


INORGANIC  BODIES. 

Water  (H,0)  is  present  iu  nearly  all  tissues  in  larger  pniportion 
than  any  other  compound,  making  up  about  70  per  cent,  of  the 
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eatire  body-weiglit.  The  amotiiit  in  each  texture  varies,  and  thus 
the  different  tissues  have  widely  diflerent  consistence. 

Water  i.s  iiitroducod  into  the  body  in  all  kinds  of  drink,  and  a 
large  (quantity  i.i  also  taken  vfith  our  solid  food.  Il  is  highly 
probable,  that  in  the  chemical  changes  which  take  place  in  the 
tissues,  some  water  is  formed  by  the  oxidization  of  the  hydrogen 
of  the  more  complex  substances. 

In  the  economy  it  act«  aa  the  universal  solvent  in  the  Huids  of 
the  body,  and  as  the  agent  by  means  of  which  the  chemical  changes 
of  the  various  organs  are  enabled  to  be  at^coniplished. 

The  water  leaves  the  body  by  the  lungs  as  vapor,  and  by  the 
skin,  kidney,  and  many  other  glands,  as  the  fluid  in  which  their 
secretions  are  dissolved. 

Inorganic  acids  occur  either  combined  to  form  salts,  in  which 
condition  we  find  several  in  the  body  (sulphuric,  phosphoric,  sili- 
cic), or  uncombined.     In  the  latter  state  we  have  only  two,  viz. : 

Hyiirochluric  Acid,  HCI,  which  is  manufactured  by  the  mucous 
membrane  of  the  stomach,  and  takes  an  impurlaut  part  in  gastric 
digestion. 

Oirboiiic  Acid  (tax,  CO,,  exists  in  most  of  the  fluids  of  llie  body, 
having  been  absorbed  by  them  from  the  tissues  tiuring  their  com- 
bustion. The  venous  blood  contains  a  considerable  quantity,  which 
is  got  rid  of  during  the  passage  of  the  blood  through  the  lungs. 
It  is  distinctly  a.  waste  product,  that  must  be  constantly  eliminated 
from  the  body  (see  Respiration). 

A  largo  number  of  salts  occur  in  the  tissues,  generally  in  small 
ijuaiility,  in  solution.  In  the  teeth  and  in  bone  tissue  salts  exist 
in  the  solid  form,  and  in  much  greater  proportion  than  in  any  of 
the  soft  parts.  Most  of  the  salts  are  introduced  into  the  economy 
with  the  food,  but  some,  doubtless,  are  I'ormed  in  the  body  itself. 
Our  knowledge  of  the  exact  position  occupied  by  the  salts  in  the 
textures  is  very  incomplete,  as  their  amount  is  ouly  eslinintcd  from 
the  ash  of  the  tissue  which  remains  after  iguitiou,  by  which  pro- 
cess they  become  altered,  so  that  it  is  impossible  to  say  what  are 
the  exact  salts  that  are  present  in  the  body.  They  doubtless  form 
chemical  combinations  with  the  complex  organic  compouuds, 
which  we  do  not  understand,  and  probably  have  important  i'uuo- 
tioua  to  perform,  such  as  rendering  certain  materials  (globulins) 
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solobie^  or  otherwise  racilitating  tissue  cliange.  The  sails  paaa 
out  of  the  holy  in  many  secretions,  nutatily  iu  the  urine,  where 
they  have  great  influence  on  the  cliinination  of  urea,  and  therefore 
form  M  ni(/st  impnrlani  constituent  of  that  sccretinn. 

Common  Snlt  {Sodium  Chloride),  NaC'l.  is  the  most  widely 
.spread,  ond  is  pre^nt  iu  greater  quantity  than  any  other  salt  in 
all  fluids  and  tissues,  except  in  boue^i,  teeth,  red  blood  corpuscles, 
and  red  muscle. 

Potn»*'uim  Chloride  pomnionly  accompanies  sodium  chloride  in 
Ball  f|tiaotity.  In  the  red  blood  corpuscles  and  iu  muscle  it 
occurs  in  greater  amount  than  the  sodium  salt,  while  in  the  blond 
plasma  but  little  is  found  in  comparison  with  the  simJh  salto,  and 
any  excess  seems  lo  act  as  a  poison  to  the  heart. 

Carbonates  and  phosphates  of  calcium,  .sodium,  potasttium  and 
nlu^'nesium  occur  in  small  (juanlities  in  most  tissues.  The  earthy 
part  (if  bone  is  chiefly  composed  of  culciuni  and  magnesium  phos- 
pliiile  and  calcium  carbonate,  to<retlier  with  some  calcium  fluoride. 

Sulphates  of  sixlium  nnd  pota'i.siuui.iirobably  formed  iu  the  body 
from  the  oxidizittiou  of  llie  sul|)hur  iu  the  complex  protcid  mute- 
rials,  occur  in  most  tissues,  and  are  removed  from  the  body  by 
the  kidneys. 

Finally  we  find  two  of  the  elements  free  in  the  textures.  Of 
these  Onjijcn  pliiys  by  far  the  most  iruporlnul  part.  It  is  widt'ly 
distributed  among  the  fluids  of  the  body,  from  which  it  can  be 
removed  by  reducing  the  pressure  (»f  the  oxygen  of  the  atmosphere 
by  meaus  of  an  uir  pump.  Oxygen  is  introduced  into  the  body 
by  the  lungs,  where  tlie  blood  lake-s  it  from  the  air.  Iu  the  blood 
only  a  small  quantity  of  that  which  can  be  removed  by  the  air- 
pump  is  really  free,  the  remaindi-r  is  cheuiically  combined  with 
the  coloring  matter  of  the  bloo<l.  It  is  ub.-iojutely  necessary  for 
life,  as  it  alone  can  enable  the  chemical  changes  of  the  tissues, 
which  are  mostly  oxitlizutions,  to  go  on.  It  is,  in  fact,  the  elemeul 
necessary  for  the  s^low  combustion  which  takes  place  in  the  nutri- 
ent material  after  its  assimilation. 

Nitroyen  al.«o  occurs  in  the  blood,  but  iu  insignificant  quantity. 
It  is  nl>sorl>ed  from  the  atmo.^phere  as  the  blood  pa.sses  through 
the  lungs.  8u  far  as  we  know,  it  has  no  physiological  im|Hirtauce 
in  the  body. 
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TiiK  iniinifestation  of  so-called  vital  phonoraena  in  man  forms 
the  Fuhject-tiiatter  of  the  followinj;  chapters,  and  some  kiud  of 
explanatory  defitiUion  of  ihe  vital  cliaractura  of  the  simpler  organ- 
isms will  («  useful  in  prcpariiifj  the  begintrer's  mind  for  the  more 
intricate  questions  in  human  physiology.  This,  with  the  foregoing 
short  account  of  the  chemical  aiid  structural  peculiarities  of  ani- 
mals, will  complete  a  rough  outline  of  the  general  character  of 
organisms. 

Protoplasm  has  already  been  referred  to  as  the  material  cajiahle 
of  showing  "  vital  phenomena,"  (he  most  obvious  and  striking  of 
which  are  its  niovemeulii. 

Besides  the  common  molecular  or  Brownian  movement  of  the 
granules  of  protoplasm — which  may  be  seen  in  most  cases  where 
fine  granules  are  suspended  in  a  less  dense  medium — protoplasm 
can  perform  motions  of  ditfereut  kinds  which  must  be  regarded 
as  disiinelly  vital  in  character.  This  movement  n;ay  be  said  to 
be  of  three  diHcreut  kinds,  according  to  the  results  produced,  viz. : 
(1.)  The  production  of  internal  currents.  (2.)  Changes  in  form. 
(3.)  Locomotion.  In  reality  the  two  latter  are  dependent  on  the 
first. 

The  occurence  of  currents  from  one  part  of  a  portion  of  proto- 
plasm to  another  can  he  well  seen  in  vegetable  cells,  when  the 
cell  wall  restricts  the  more  obvious  change  in  form  or  place. 
Thus  in  the  cells  forming  the  hair  on  the  stamens  of  Trndescantia 
Virgiiiica  the  various  currents  can  be  seen  in  the  layers  of  proto- 
plasm which  line  the  cell  wall. 

The  granular  particles  course  along  in  varying  but  deiinite 
directions,  passing  one  another  like  foot-passengers  in  a  crowded 
street.  The  first  and  most  obvious  result  of  this  is,  that  the  vari- 
ous parts  of  the  substance  are  constantly  brought  into  contact  with 
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Be  another,  and  tliiis  the  product*  of  nuy  chemical  ehangej*  taking 
place  at  any  given  part  of  the  ceil  body  are  rapidly  distribiiled 
over  the  entire  mass  of  the  protopja^ra. 

If  there  be  no  definite  cell  wall — as  in  naked  vegetable  spores, 
and  amo-boid  forms  of  animal  life — to  rcatrict  or  direct  the  cur- 
rent of  protoplasm,  it  tlowg  out  iu  varions  directions  in  budlike 
processes,  which  apfwar  at  various  parts  of  the  protoplasmic  mass, 
so  aa  to  cause  a  constant  change  in  the  form  of  the  cell.  These 
outstretched  processes  sometimes  flow  tofjetlier  and  unite  com- 
pletely, often  inclosing  some  of  the  medium  in  which  the  creature 
b  Huspended.or  catching  some  foreign  particle  floating  near  them. 

The  flowing  out  of  these  psewlopodia  commonly  takes  place  for 
some  little  time  j^rsistently  from  one  side  of  the  cell  ;  and  the 
hotly  of  the  cell,  as  it  were,  has  to 
follow  the  protrusion  of  the  pro- 
ceases  in  such  a  manner  that  in  a 
little  time  definite  change  in  posi- 
tion or  movement  iu  a  certain  di- 
rection occurs;  thus  the  unit  of 
protoplasm  may  be  said  to  perform 
definite  progresjiion  of  locomotion. 
All  these  movements  may  be  seen 
in  the  white  blood  corpUBcles  of  u 
cold-blooded  animal,  such  as  a  frog, 
audittill  more  easily  iu  the  unicel- 
lular being  known  a.s  amoeba. 

Various  influences  may  be  seen 
to  afleot  the  rate  of  movements, 
and  probably  influence  at  the  same 
time  the  other  activities  of  thtj  protoplasm.  Foremost  among 
the»e  must  be  named  :  (1,)  Temperature.  If  a  protoplasmic  unit 
which  is  observed  to  he  motile  be  gently  warmeil,  the  movemeuta 
become  more  and  more  active  as  the  temperature  is  raised,  uutil 
at  a  certain  point,  about  35°-42°  C,  a  spasm  occurs,  resulting  iu 
the  withdrawal  of  the  pgeudopodiu  ;  soon  after  which  the  cell  as- 
sumes a  spherical  sha|>e.  If  the  heal  be  carefully  abstracted  by 
the  gentle  and  short  application  of  cold,  the  protoplasm  may  be 


.\n  unurlia  ligiiretl  »t  two  Uif- 
fereiit  niumuiilK  during  inuvcnicnl, 
xlinwin);  a  i-lviir  outer  luyc-r  and  a 
innTv  gniniilnr  renlral  portion. — 
(n)  NDelcu.";  (t)  Iivgeoted  food, 
((jejjeiihaiier./ 
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made  to  recover  aud  again  commence  its  movemeots.  If,  on  the 
other  hand,  cold  be  applied  to  nioviug  protoplasm,  the  motions 
become  less  and  less  active,  and  commonly  cense  at  a  temperature 
about  or  a  little  over  0' C.  (2.)  Mechanical  irritatwi  also  pro- 
duces a  marked  etfect  on  the  movements  of  protoplasm.  This 
may  be  well  seen  iu  the  behavior  of  a  protoplasmic  cell  of  frog's 
blood  uuder  tiie  riiicroscopo.  It  is  spherical  when  first  motitited, 
owing  to  the  rough  treatment  it  goes  through  while  being  placed 
on  the  glass  slide  and  covered;  shortly  ita  movements  become 
obvious  by  ils  change  in  form,  wiiich  may  again  be  checked  by  a 
sudden  motion  of  the  cover-glass.  (II.)  Electric  nhockn  given  by 
means  of  a  rapidly- broken  induced  current  cause  spasm  of  the 
])roloplasni,  the  cell  becoming  spherical.  (4.)  Chemical  Klimuli 
also  have  a  marked  effect ;  carbonic  acid  causing  the  movements 
to  cease,  aud  a  supply  of  oxygen  making  it  active.  The  move- 
ments and  other  activities  of  protoplasm  are,  during  life,  frequently 
modified  and  controlled  by  nerve  influence,  as  will  appear  in  the 
following  pages;  this  may  readily  be  seen  in  the  stellate  pigment 
cells  of  the  frog's  skin,  which  can  be  made  to  contract  into  spheres 
by  the  stimulation  of  the  nerves  leading  to  the  part. 

The  motions  of  protoplasm  are  thus  seen  to  be  greatly  affected 
by  external  influences,  but  the  most  careful  observer  cannot  And 
physical  explanations  of  the  various  movemeuts  which  have  been 
described.  It  is  necessary,  therefore,  to  ascribe  this  power  of 
motion  to  some  property  itdiereal  in  the  protoplasm,  and  hence 
the  movements  are  called  aulomalir..  We  are  unable  to  follow 
the  cbemicul  [iniccssc.-?  upon  which  the  activities  of  the  protoplasm 
depend,  and  therefore  we  call  them  vital  acliotts ;  but  we  must 
assume  that  these  so-called  vital  properties  depend  on  certain  de- 
compositions in  the  chemical  constitution  of  the  protoplasm.  We 
know  that  some  (^hemiciil  changes  do  take  place,  as  we  can  esti- 
mate the  products  which  indicate  a  kind  of  combustion  ;  but  we 
know  little  or  nnlhiug  of  the  details  of  the  chemical  process. 

From  the  foregoing  description  uf  the  manner  in  which  proto- 
plasm responds  to  external  stimuli,  it  may  be  gathered  that  it  is 
capable  of  appreciating  impressions  from  without;  indeed  we  may 
say,  it  can  fed.     We  cau  only  judge  of  the  sensitiveness  of  any 
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creature  by  the  manner  in  which  it  responds  to  etimuli,  and  we 
may  therefore  conclude  that  the  smalleHt  particle  of  living  proto- 
plasm is  endowed  with  deRiiile  sensitiveness;  this  must  be  noted 
as  one  of  the  most  striking  pro{)erties  of  protoplasm. 

Every  particle  of  living  protoplasm  has  the  power  of  assimila- 
tion. Taking  into  its  structure  iiny  nutrient  matters  il  meets  with, 
by  flowing  around  them  in  the  way  mentioned,  il  brings  them 
into  direct  contact  with  dilfcrent  parts  of  the  protoplasmic  sub- 
stance. This  nutrition  of  the  r{ji  m-units  gives  rise  to  growth,  and 
finally  leads  to  their  roprodtictiuii,  and  these  facts  will  be  more 
chisely  examined  when  speaking  of  their  relation  to  cell  life. 


Via.  30. 


FiQ.  37. 


W  Fio.  3(t. — Cells  of  the  yenst-plnnt  in  pn>i'(.'»ii  of  biiJditig,  bulweon  wliicli 

I  nre  some  bacteria. 

I  Flo.  37. — Carlilnge  from  roiing  aninml,  Khowing  the  division  of  the  cells 

L  (o,  b,  e,  d). 

^^  When  a  certain  size  has  been  attained,  the  cell  does  not  in- 

crease any  more,  but  tends  to  bring  forth  u  cell   unit  similar  to 
itself.     This  is  spoken  of  as  the  reprodurllon  of  cells. 

Diflerent  kinds  of  cell  reproiluclion  have  been  observed,  which 
are  all,  however,  moditications  of  the  same  general  plan.  The 
first  is  that  by  the  f'urumlion  of  a  bud  from  the  side  of  the  parent 
ceil;  this  bud  then  inL-rea»es  in  size,  and  finally  separates  from 
the  parent  and  becomes  a  separate  individual.  This  procese, 
which  is  called  gcmmntion,  can  readily  be  seen  in  nil  its  stages  in 
growing  yeast,  where  the  torula  cells  have  various  sized  buds 


78 


HANUAX  OF   PHYSIOLOGY, 


growing  from  ihetu.  Il'  the  buillike  protrusiun  be  large,  nearly 
equal  in  size  to  the  eel!  itself,  the  proCMa  receives  the  name  of 
fi.i.sion,  or  division.  In  well  marked  typiciil  fission  the  parent 
cell  divides  into  iwo  parts  of  equal  size,  each  of  which  becomes  a 
perfect  individual.  Various  gradations  ni.ay  be  traced  between 
the  twu  processes,  so  that  it  is  difficult  ti>  liniw  any  very  distinct 
line  between  budding  and  fission.  The  budding  and  fission  may 
be  midtiple;  many  buda  and  several  units,  products  of  division 
may  remain  together,  and  form  what  is  called  a  colony.     When 


Cello  of  a  fungus  ( 6'<<rorape<t)  showing  difl'ercnl  Ntages  (1-4)  of  endogenous 
diTiHion.     (After  S.acli8.) 

this  multiple  budding  or  division  takes  place,  so  that  (be  new  units 
are  included  within  the  body  of  the  parent  cell,  then  the  j>ro- 
cesa  is  called  endo(/enou»  reprodadioii  or  spore  fornuuinn.  As  in 
the  gradations  between  budding  and  fission,  so  it  is  difficult  to 
draw  a  bard  and  fast  line  between  what  may  be  called  multiple 
fission  and  spore  formation. 

Ill  trairing  the  stages  of  development  of  the  highly  differentiated 
cells  of  some  tissues,  we  have  to  pass  through  a  scries  of  changes 
which  form  a  cycle  that  may  well  be  called  ihe  lifetime  of  the 
cell.  The  duration  of  this  cycle  varies  greatly  in  diHeront  indi- 
vidual cells.  Some  cells  are  very  short-lived,  being  destroyed  in 
the  act  of  secretion  ;  others  probably  endure  for  the  entire  life  of 
the  animal.  The  life-history  of  every  cell  begins  with  the  stage 
when  it  is  composed  entirely  of  indtliiireiit  protoplasm,  in  which 
various  modifications  are  subswjueiitly  produced.  Let  us  take  as 
an  example  a  cell  of  the  outer  skin  or  cuticle,  and  examine  its  life- 
history.  The  cuticle  is  mnde  up  of  numerous  layers  of  cells  laid 
one  on  the  other,  and  the  surface  cells  are  constantly  being  rubbed 
or  worn  olF.  We  fiud  that  these  cells  have  their  origin  from  the 
oelU  of  the  deepest  layer,  which  is  next  to  the  supply  i)f  nutri- 
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meat.  This  layer  is  made  of^oft  pruloplasniic  unite,  with  certain 
ecific  inherited  characteristics  nu  doiiht,  liiil  to  all  appeiiraiic  h 

'the  Mtmc  as  the  motile  eentieiit  growing  prolopla-in  ol'  nii  indif- 
fereot  cell.  By  a  process  of  fission  or  budiling  constantly  going 
ou  in  this  deepest  layer  of  these  celts,  new  protoplasmic  units  are 
produced.     These   heconie  distinct   inilividuals,  anil  inrupy  the 

bipoaition  of  the  parent  cell,  which,  having  produced  ott'itpring,  is 
moved  one  place  nearer  the  surface,  away  from  the  supply  of  fiwd. 
The  new  cell  in  time  gives  rise  to  ofiiipriii^.  and  having  attained 
reproductive  maturity,  is  in  turn  moved  onward  towards  the  sur- 
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Division  of  egg-cell.     (Uegenbnuer.) 

The  result  of  this  is  that  its  supply  of  nutrition  diminishes, 
the  evidences  of  reproductive  activity  disappear,  aud  at  a  certain 
|xiiut  all  signs  of  proto|)la!>mic  life  are  lost.  But  on  its  way  from 
the  seat  of  its  origin  to  the  surface,  it  makes  use  of  its  limited 
supply  of  nutrition  for  the  purpose  of  manufacturing  a  special  ■ 
kiud  of  material  which,  if  [>resent  at  all,  only  occurs  in  the 
minutest  traces  in  ordinary  jjrotuplusm.  As  the  cell  moves  towards 
the  surface,  it  loses  its  protoplasmic  characters,  becomes  tougher 
and  drier,  and  finally  nothing  but  the  special  horny  material 
remains.     Thus  from  the  birth  of  the  cell,  its  energies  are  devoted, 
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first  to  its  own  growth,  then  to  the  reproduction  of  its  like,  and 
finally  to  the  formation  uf  a  niatcrirtl  fitted  to  act  as  a  mechanical 
protection  to  the  surface  of  the  skin.  Having  manufactured  a 
certain  amntint  of  this  material,  the  protoplasm  dwindles,  and 
finally  quite  disappears,  so  that  the  cell  may  be  said  to  die.  Its 
lioruy  insoluble  and  impermeable  skeleton,  however,  has  yet  to  do 
good  service  in  the  outer  layer  of  the  skin  while  it  is  passing  to 
reach  the  surface,  and  iu  its  turn  is  rubbed  off. 

It  has  already  been  stated  (hat  the  material  which  forms  all 
active  cells,  protoplasm,  is  capable  of  carrying  on  the  many 
functions  required  for  the  independent  existence  of  simple  crea- 
tures. It  will  l>o  found  ill  the  subsequent  pages  that,  not  (mlycan 
prntoplasm  perform  all  the  activities  necessary  for  the  life  history 
of  unicellular  organisms,  but  that  it  can  also  work  out  all  the 
functions  of  ihe  most  complex  animal.':.  Indeed,  the  cells  which 
accomiilinh  (he  most  eluhorate  Itiiictioiis  in  man,  are  but  proto- 
plasm more  or  less  roodrtied  for  the  special  purpose  to  be  atUiiiieil. 

The  different  functifins  of  nii  inrlepeiidcnt  unicellular  orfjanisin 
can  be  much  more  completely  watched  than  the  chnnges  which 
take  place  in  any  of  the  cells  of  the  higher  animals,  both  on  ac- 
count of  the  greater  size  of  the  former,  and  the  more  obvious 
character  of  the  changes  taking  place  in  ihem.  The  i-tudent  is 
therefore  earnestly  advised  to  spend  a  few  moments  iu  coutem- 
plating  the  operations  which  go  on  in  some  simple  organisms, 
whose  life  is  not  complicated  by  structural  or  functional  elabo- 
ration, before  attempting  to  solve  the  difficult  ijuestion  of  the 
mechanism  of  man's  life. 

The  lowest  forms  of  living  creatures  that  we  are  acquainted  with 
(microcvcctiM  and  bi'cleritim'),  are  (iIhcciI  among  the  fungi  in  ihe 
vegetable  kingdom.  On  account  of  ibcir  extremely  niinule*ixo 
— being  hardly  visible  as  spherical  or  elongated  .«pecks  with  a 
powerful  iiiicrosco]>c— we  can  say  but  little  about  their  slrnctnre. 
They  appear  to  be  translucent  and  homogeneous. 

Since  we  use  the  term  protoplasm  to  mean  the  material  of 
which  the  active  parts  of  ihc  .simplest  forms  of  living  beings  are 
comiM>sed,  we  must  assume  that  bacteria  are  small  ]>articles  of 
that  material,  but  the  characters  commonly  attributed  to  proto- 
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plaera  caonol  be  iletec-ted  in  the  minute  glistening  mam  which 
mftkr?  up  their  Imdy. 

They  are  au  certain  to  appear  iu  a  couple  of  days  in  organic 
inAivionf,  or  iu  any  fluid  prone  to  putrefaction,  and  they  multiply 
with  such  astounding  rapidity,  that  they  have  been  supposed  by 
•onje  to  develop  !>|)ontHue<iU!!ly.  But  this  is  now  known  not  to 
be  a  fact.  Bacteria  do  not  appear  without  proguoitors,  any  more 
Ihau  any  other  form  of  living  thing.  They  Houl  lirdcw  and  dry 
iu  multitude.*  ihtough  our  atniuHphere,  and  adhere  to  all  gub- 
Btanceii  to  which  the  air  has  free  access.  However,  the  moment 
they  light  u|>ou  a  suitable  ^oil,  they  hui>t  into  prodigioufi  activity, 
at  first  forming  ma-^ses  or  colonics,  which  may  be  seen  aa  a  jelly- 
like rvum  on  the  fluid.  Such  a  toil  is  supplied  by  any  organic 
substance  capable  of  sponianeoim  decom|>otiilion,  for  which  pro- 
cess, as  is  well  known,  the  great  requirements  for  life,  moisture 
and  warmth,  to  a  certain  degree  are  necessary.  Vast  varieties 
of  ihcxe  organisms  arc  now  knowti.  They  differ  .slightly  in  shape, 
iu  their  habitat,  and  iu  their  properties.  Some  are  obviously 
iromposed  of  two  distinct  Iiiyer.",  sonic  are  provided  with  a  fiue 
hair-like  process,  by  the  lash-like  motions  of  which  they  move 
rapidly  iu  a  definite  direction. 

They  are  known  to  lie  inseparable  from  putrefactive  changes 
in  organic  materials,  in  fact  without  thera  no  putrefaction  can 
go  on,  ttince  this  pr<H-et<s  is  but  the  product  of  their  living  activity. 
Intense  heat  kills  them,  loo  great  cold  or  dryness  checks  their 
activity  aud  stops  putrefaction.  When  an  organic  substance  is 
absolutely  protected  from  their  presence  by  exclusion  of  the  air, 
etc.,  no  putrefaction  occurs,  even  though  it  bo  prone  to  spontane- 
ous decomposition,  and  be  placed  under  favorable  circumstances 
fB  to  warmth  and  moisture. 

Bacteria  would  not  deserve  so  much  notice  here  were  it  not  for 
the  remarkuble  influence  they  have  on  the  higher  forms  of  life. 
We  do  not  know  that  they  are  necessary  for  any  of  the  more 
important  processes  (hat  normally  go  on  in  the  human  body, 
though  they  are  constantly  jiresent  in  the  intestinal  tract,  and 
iusc]iarable  from  at  least  one  change  taking  place  there  that 
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may  be  regarded  as  physiological.  It  is  their  relatiou  to  the  dis- 
eased state  tliat  makes  a  knowledge  of  these  creatures  impera- 
tive to  medical  men. 

Su  long  as  the  tissue  of  a  tiigher  animal  is  healthy  and  well 
nourished,  bacteria  cannot  thrive  in  immediiite  contact  with  it. 
They  can  only  exist  in  the  intestine,  etc.,  because  there  they  find 
accumulations  of  lifeless  fluids  which  dtfer  them  a  suitable  nidus. 
Active  living  tissues  Lave  antiseptic  power,  t.  e.,  are  able  to  de- 
stroy bacteria,  and  it  is  nnly  owing  to  this  bactericide  power  of 
our  textures,  that  we  can  with  immunity  breathe  into  our  lungs 
the  atmospheric  air,  and  swallow  niultitudei>  of.  these  orgauisms. 
But  for  it  every  wound  would  become  putrid,  every  breath  would 
admit  deadly  germs  to  our  blood.  But  when  the  vitality  of  the 
|mrl  or  of  the  body  jfcueraily  is  lowered,  the  vital  activity  of  the 
lissufi  nuiy  '"11  below  that  of  the  bacteria,  and  their  victory  is 
Rignallc<l  by  unwoutcd  and  often  fatal  chnnfjes.  Miirbid  fluids 
allowed  to  accumulate  iu  the  textures  facilitate  the  growth  of 
bacteria,  and  give  rise  to  various  grades  of  "  wound  infection." 
lint  if  all  accuniiitutions  be  avoided,  the  bacteria  brought  into 
relation  with  the  living  tissue  can  only  irritate  it,  and  cau.se  gen* 
eral  fever  and  local  suffering  to  the  patient.  They  cannot  pro- 
pagate in  live  tissue  as  in  lifeles.';  fluids.  As  a  rule,  the  injurious 
effi'Ct  of  bacteria  is  in  inverse  proportion  to  the  vital  power  of 
the  textures  which  they  invade.  This  is  seeu  iu  many  cases 
familiar  to  the  physician  and  the  surgeon.  For  instance,  even 
the  bronchial  mucous  membrane  may  bo  unable  to  resist  the 
attacks  of  the  atmospheric  organisms.  A  |)erson  whose  vital 
powers  are  probably  already  low  from  repeated  debauch,  falling 
asleep  in  the  o|)en  air  after  excessive  intemperance,  and  being 
exposed  to  the  reducing  chill  of  night,  may  become  so  lowered 
in  vital  activity,  that  putrefactive  changes  may  begin  in  his  lung 
tissue.  ludeed  this  is  not  an  uncommon  history  in  the  beginning 
of  gangrene  of  the  lung. 

We  next  come  to  forms  of  fungus,  which  set  up  a  process  very 
like  putrefaction,  such  as  the  yeast  plant,  Tonila  eerev'ma,  which 
causes  alcoholic  fermentation  in  sugar  sulutious.  In  the  torula 
an  external  case  containing  protoplasm  may  readily  be  seen,  and 
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multiplication  of  the  celU  goes  on  rapidly  by  a  process  of  bud- 
ding. ToruIa>.  however,  like  bacteria,  though  ealleil  vegetables, 
]i«ve  uut  the  jKiwer  of  assimilating  as  ordinary  green  plants  do, 
hut  require  nutriment  Ui  be  supplied  to  them  which  already  cou- 
taius  organic  or  complex  compounds.  Structurally  but  little 
different  from  torula  is  a  one-celled  plant,  the  green  protococcua, 
which,  like  a  higher  plant,  can  build  up  its  texture  from  the  aim- 
plent  food-stuffs,  and  carry  on  ita  functions.  It  consists  of  a  case 
made  of  cellulose,  within  which  lies  a  mass  of  protoplasm  with 
a  nucleus.  The  protoplasm  is  commonly  colored  green  by  a  pceu- 
lisr  substance  called  chlorophyll.  We  shall  see  presently  that  it 
is  to  protoplasm  containing  chlorujthyll,  that  plants  owe  all  their 
most  characteristic  and  wonderful  propertie.«i,  viz.,  the  property 
of  assimilating  so  as  to  a)nslrucl  complex  carbon  compounds  out 
of  simple  inorganic  materials. 

The  smallest  and  simplest  organisms  classed  as  animals  are 
generally  larger  than  the  vegetable  cells  just  alluded  to.  They 
consist  of  protopluMm  without  any  unclens,  and  only  sometimes 
with  a  structural  diflcrence  between  any  part  of  their  substance. 
As  an  example  we  may  take  I'Totanutba.  This  is  a  small  mass 
of  proloplai^m  without  any  nucleus,  but  its  outer  layer  is  clearer 
and  less  granular  than  the  central  part.  It  can  move  by  send- 
ing out  protoplasmic  processes,  in  which  currents  can  be  observed 
resembling  those  in  the  vegetable  cells.     Except  as  regards  the 

Qucieus,  it  is  much  the  same  as  the  Amctba,  which  can  be  more 

• 

readily  watched,  and  will  therefore  be  more  accurately  dettcribed. 

The  anuuba  is  a  single  cell  or  mass  of  uncovered  protoplasm, 
containing  a  well-defined  portion  of  substance  or  nucleus,  within 
which  is  a  small  *j)eck  or  nucleolus.  The  central  part  of  the 
protoplasm  is  densely  packed  with  coarse  granules,  but  the  outer 
more  active  part  is  structureless,  and  translucent-looking,  some- 
what like  a  fine  border  of  muffed  glass,  incasing  the  coarsely 
granular  middle  portion.  Such  a  one-celled  animal  has  no  spe- 
cial parts  differentiated  for  special  purposes,  the  requirements  of 
its  functions  being  so  small  that  the  protoplasm  itself  can  accom- 
plish them  all. 

Thus  the  processes  of  protoplasm,  which  flow  out  with  consid- 
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erable  rapidity  from  llie  body,  cornmouly  encircle  particles  of 
uutrient  material,  and  then  closing  iu  aruuud  them,  press  them 
into  the  midst  of  the  {;ranular  central  ma?.'?.  Here  lliey  sojourn 
some  little  time,  and  during  this  [leriod,  ni>  doiiht,  any  nutritive 
properties  they  possess  are  extracted  from  them,  and  they  are 
then  ejected  from  the  plastic  substance.  This  form  of  assimila- 
tion demands  no  previous  preparation  of  the  food  such  as  we  shall 
see  takes  place  in  the  alimentary  tract  of  man,  and  iu  the  special 
organs  of  the  higher  animals  ;  yet  it  is  a  form  of  digestion  ade- 
quate at  least  to  the  requireuiciits  of  this  simple  organism.  The 
repeated  alteration  uf  the  diflerent  parts  of  the  protoplasm  in 
relaliou  to  one  auother  and  the  surrounding  medium  during  the 


Fio.  40. 


^"k 


i 

W  Two  diflerent  forms  of  Anin?btp  in  diflerent  pha«ca  of  movemenl.    Those  on 

^^^  the  left  after  C'adiat.     A  and  B  sliow  an  outer  clear  zone  {Uegenbuiir). 

^^  flowing  hither  atid  thither  of  the  curreots,  produces  not  only  a 
change  iu  the  shape  and  position  of  the  animal,  but  also  acts  as 
a  means  of  distributing  the  uutrimeut  to  the  different  parts  of 
the  body,  and  of  collecting  and  carrying  to  the  surface  the  vari- 
ous products  of  tissiiedecomposition ;  thus  the  streaming  proto- 
pJaBin  does  the  work  of  a  circulating  fluid  such  as  we  see  in  the 
more  elaborate  organisms  for  the  distribution  of  nutriment  and 
elimination  of  waste  materials.  The  surface  of  the  amceba  is 
sufficient  to  allow  of  the  gas-interchange  necessary  for  life,  and 
by  means  of  the  ever-changing  material  exposed,  sufiicieut  oxy- 
gen is  taken  for  its  tissue  combustions,  and  so  a  function  of  respi- 
ration is  established.     The  growth  that  results  from  the  perfect 
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performance  of  these  vegetative  functioDS  proceeds  until  the 
masiniuin  size  is  attained,  ami  furtlier  nutritive  activity  i.s  then 
devoted  to  reproduction.  When  growth  ceases,  commonly  the 
cell  divides  and  forms  two  distinct  individuals.  The  movements 
which  form  the  most  striking  operations  of  the  amceba  are  the 
aame  as  those  which  take  plac«  in  protoplasm,  except  that  they 
■re  more  rapid  and  obvious.  The  clear  outer  layer  first  flows  out 
as  a  bud-like  proce^ty,  and,  as  it  is  gradually  enlarging,  gome  of 
the  central  granular  part  of  the  cell  suddtnly  tumbles  into  its 
midft,  where  it  remains,  while  other  pseudopodia  are  being  thrown 
out  ill  the  neighborhood,  and  the  same  changes  repeated  in  them. 
It  is  difficult  to  watch  the  motious  of  an  amceba  without  being 
impressed  with  the  idea  that  it  is  not  only  endowed  with  sensibility 
but  that  it  also  cau  discriminate  between  diflerent  objects,  for  we 
see  it  greedily  flowing  around  some  food  material,  whilst  it  care- 
fully avoids  other  substances  with  which  it  comes  in  contact. 

If  a  glass  vessel,  containing  several  nmceba;,  be  placet!  in  a 
window,  they  will  be  found  to  cluster  on  the  side  of  the  glass  most 
exposed  to  the  light.  From  this  it  would  ajjpear  that,  in  some 
obscure  way,  protoplasm  cau  appreciate  light,  and  respond  to  its 
influence  by  moving  towards  it. 

This  siugle-cclle<l  animal — or  uuclcated  mass  of  protoplasm — 
can  perform  all  the  functions  of  a  higher  animal.  It  can  move 
from  place  to  place  and  assimilate  nutriment,  ajiparently  discrim- 
inating between  different  materials.  It  distributes  nutrient  stuffs 
and  oxygen  throughout  ita  body  by  a  kind  of  tis.'^tie  circulation, 
and  it  can  appreciate  and  respond  to  the  most  delicate  form  of 
stimulus,  namely,  light,  which  subtle  motion  has  no  effect  on  the 
gensory  nerve-fibres  of  the  higher  animals. 

In  some  unicellular  animals  certain  parts  of  the  cell  are  spe- 
cially modified  for  the  performance  of  sjwcial  functions,  a  divi- 
sion of  labor  thus  taking  place  which  insures  the  more  perfect 
accomplishment  of  the  diflerent  kinds  of  activity.  In  one  of  the 
commonest  of  the  Infusoria  (Paramacia  bursarta),  which  swarm 
in  dirty  water,  this  is  well  exemplified.  The  outer  layer  of  the 
flattened  body  is  denser,  and  forms  a  kind  of  fibrillalcd  corticu- 
lar  case  (ectosarc),  which  is  covered  over  with  hair-like  pro- 
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cesMw  (vibralile  cilia),  which  conslnntiv  move  in  a  certain  direc- 
tion, so  as  to  iiiopei  tlie  creature  ni|)i(lly  ihiougli  the  vviiter.  The 
internal  part  of  the  celi  is  very  soft,  almost 
fluid,  and  coarsely  eraniilar  in  appearance,  con- 
tiiining  many  bodies  which  have  obviously  been 
introduced  from  without.  This  eoft  internal 
protoplasm  (endosarc)  moves  slowly  round  iu 
tt  definite  direction,  completing  its  circuit  iu 
out!  or  two  tninutesi,  and  (bus  carries  on  a  cir- 
culation which  mixes  the  various  matters  con- 
tained in  it.  At  one  point  of  the  ectosarc,  or 
corticjil  layer,  an  orifice  or  mouth  leading  to 
an  fe^ophagcil  depression  is  found.  This  ori- 
fice is  lined  by  moving  cilia,  which,  by  their 
vibrationc,  drive  the  food  inln  the  resophagus, 
vvhonce  it  is  periodically  jcrkfd  into  the  soft 
iuteruul  protoplasm  or  endosarc,  together  with 
some  water,  and  thus  furin.s  a  food  vacuole, 
which  is  carried  round  in  the  circulation  of  the 
ectosarc.  Besides  a  well-marked  nucleus  and 
Inkcn.  (6)  Mouili.  nucleolus  in  the  central  part  of  the  cell,  these 
((!)  Anns.  ((OCoii-  pnramcecia  have  one  or  more  clear  space* 
vcKK'lo.  plucmj  near  the  surface  at  the  extremities  of 
the  animal.  These  vacuoles  suddenly  contract, 
and  disappear  every  now  and  then.  When  this  contraction 
occurs  niiec^iiutls  radiating  from  the  ccmlractile  vacuole  are  dis- 
tended with  the  dear  fluid  which  has  probably  entered  the  vacuole 
from  without.  Thus  a  permanent  set  of  water  vessels  carry  fluid 
from  the  contractile  vacuole  throughout  the  endosarc. 

In  such  an  animal  there  is  a  ilislinct  advance  of  function  com- 
pared with  the  ama^ba  ;  a  more  elaborate  and  specialized  method 
of  feeding;  a  more  systematic  mid  regular  circulation  of  nutri- 
ent matters;  a  respiratory  distribution  of  water  by  the  contrac- 
tile vesicle  and  its  water  canals  ;  more  rapid  motion  ;  and  more 
obvious  sensation. 

In  the  bell  auinjalcule,  or  vorticella,  the  same  kind  of  division 
of  labor,  exists,  but  in  one  of  its  commonest  conditions  it  is  at- 
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Uched  by  a  thin  stalk  to  the  stalk  of  sonie  weed  or  other  object. 
Besides  the  ciliary  nioveraeiii  we  here  liiul  that  the  gcueral  mass 
of  the  protoplasm  can  suddenly  and  forcibly  contract,  so  as  to 
completely  alter  its  shape,  and  change  the  bell  into  a  rounded 
nia»s.  This  spasm  of  the  body  is  commonly  associated  with  a 
wonderfully  rapid  cnnirnction  of  the  stalk.  This  stjilk  consists 
of  a  delicate  transparent  .sheath,  in  the  centre  of  which  is  a  thin 
thread  of  jialc  protoplasm.  The  rapid  contraction  of  the  proto- 
plasm of  the  stnlk  ami  the  spasm  of  the  bell  occur  on  the  appli- 
cation of  the  least  mechanical  excitation,  such  as  a  touch  to  the 
oover-glass.  Here  in  a  single  cell  we  have  certain  portions  set 
apart  for  special  jiurposes,  most  of  which  are  the  same  as  in  para- 
mtecia.  IJul  the  animal  being  attached  recjuires  a  special  way  of 
escaping  from  it«  enemies,  and  hence  we  find  it  endowed  with 
three  special  forms  of  motion.  Besides  the  ciliary  and  stream- 
ing protoplasmic  motion,  its  body  can  spasmodically  change  its 
shape,  and  the  stalk  contracts  with  a  velocity  coin[)arable  with 
that  of  the  most  specialty  modified  contractile  tiswue  (muscle)  of 
the  higher  animals,  by  mctin.s  of  which  their  ru])id  and  varie<l 
movements  are  carried  out. 


CHAPTER  V. 


NUTRITION  AND  FOOD-STUFFS. 


The  continuation  of  protoplasmic  life  depends  on  certaiu  chemi- 
cal changes  whicli  are  nccojiipanied  by  a  ci;nsiderable  loss  of  Bub- 
alance.  Tlii^  loss  must  be  made  {^ood  by  the  assimilation  of 
material  from  without,  and  the  manner  by  wliicli  it  is  obtained 
coii8tittite8  one  great  point  of  ditlerenee  between  I'lants  and  Ani- 
mals. In  the  majority  of  the  former  (certain  fungi  form  the 
main  exceptions)  the  cells  in  those  portions  of  the  plant  which 
are  exposed  to  the  light  and  air,  contain  a  jieculiar  greeu  sub- 
stance called  chlorophyll,  and  through  the  agency  of  this  sub- 
stance they  are  able  to  obtain  from  the  inorpmic  kingdom  nearly 
all  the  food  they  require.  Water  is  taken  up  by  the  rooUs  with 
such  salts  as  may  ha|)pen  to  be  in  solution,  and  is  carried  through 
the  stem  to  the  leaves;  here  the  active  chlorophyll-hearing  cells, 
under  the  induencc  of  the  sun's  rays,  cause  it  to  unite  with  the 
carbon  dioxide  present  in  the  air,  to  form  varioua  substances,  of 
which  we  (nay  take  starch  or  cellulose  as  the  simplest  example. 
This  reaction  may  be  represented  chemically,  thus; 

6C0.  +  5H,0  =  C.H,A  +  0„. 

starch  or  Cfllultiiie. 

A  large  proportion  of  oxygen  is  thus  set  free  and  discharged  into 
the  atmosphere. 

The  most  striking  property  of  j>lant  protoplasm  U,  then,  the 
power  of  using  the  energy  of  the  sun's  rays  to  separate  the  ele- 
ments of  the  very  stable  compounds,  carbon  dioxide  and  water, 
and  from  the  elements  thus  obtained  to  make  a  series  of  more 
complex  and  unstable  compnund.-f,  which  readily  unite  with  more 
oxygen,  and  change  back  lo  carbonic  anhydride  and  water. 

The  new  carbon  compounds  made  in  and  by  the  proto|)lasm  of 
the  green  plants  are  some  of  the  so-called  "  organic  compounds," 
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which  enter  into  the  composition  of  both  plants  and  animals,  and 
form  an  essential  part  of  the  food  of  the  latter.  They  may  be 
dirided  into  three  groups — 

i.  Carbohydrates — bodies  so  called  from  the  presence  of 
hydrogen  and  oxygen  in  the  proportion  to  form  water ; 
e.  g. : 

Starch.  C,H,.Os  =  C.(TI,0). 

Grape  sugar  (dextrose)  C',H„0,  =  C,(H,0), 

Cane  sugar  (sucrose)  C„H„0„  =  C„(H,0)„ 

ii.  Hydrocarbons — compounds  of  carbon  and  hydrogen  with 
a  less  proportion  of  oxygen  than  Division  i.,  as  oils 
and  fats — 

Olein  (principal  constituent  of  olive  oil),  C„H,j,0, 

iii.  Albuminous  bodies  which  contain  nitrogen  in  addition 
to  carbon,  hydrogen,  and  oxygen.  These  are  of  very 
complex  composition,  and,  as  yet,  cannot  be  repre- 
sented by  chemical  formulte. 

Animals,  on  the  other  hand,  caunot  thrive  on  the  simple  forms 
of  food  obtainable  from  the  inorganic  kingdom,  which  suffice  for 
the  nutrition  of  a  plant.  They  require  the  materials  for  their 
aasimilation  to  be  nearly  allied  in  chemical  composition  tu  their 
own  tissues.  In  short  they  require  as  food  the  very  organic  sub- 
stAnoes  which  the  plants  spend  their  lives  in  making:  viz., 
starches,  fats,  and  albuminous  bodies.  These  substances  must 
therefore,  be  supplied  to  animals  ready  made,  as  they  are  pro- 
duced by  plants.  Directly  or  indirectly,  through  the  medium  of 
other  animals,  all  these  complex  substances  which  form  fuel  so 
useful  to  our  economy,  are  derived  from  the  work  done  by  vege- 
table life. 

The  chief  acts  of  animal  protoplasm  are  really  oxidations,  a 
slow  burning  away  of  its  substance,  which  results  in  the  produc- 
tion of  inorganic  materials  like  those  used  by  plants  as  food. 

Plants,  then,  use  simple  food-stuffii,  and  from  them  manufac- 
ture complex  combustible  materials,  and  thus  store  up  the  energy 
of  the  sun's  lays  in  their  textures. 
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Animals  use  complex  food-stuffs  to  renew  their  tissues,  which 
they  are  coiistautiy  oxidizing,  and  by  this  means  the  energy  for 
the  performance  of  their  various  active  functions  is  set  free. 

Although  the  various  kinds  of  food-stufl's  used  by  animals  are 
80  highly  organized  in  comparison  with  those  used  by  plauts,  yet 
tbey  cannot  be  admitted  at  ouce  into  the  economy  without  having 
undergone  a  special  preparation,  which  takes  place  in  the  diges- 
tive tract,  where  the  various  food-stufls  are  so  changed  as  to  allow 
them  to  pass  into  the  fluids  of  the  body. 

We  shall  6rst  consider  the  chief  varieties  of  food-stuffs,  next 
their  preparation  for  absorption,  and  then  the  means  by  which 
they  are  distributed  to  the  tissues.  The  last  step  in  tracing  the 
assimilation  of  the  food  is  to  follow  the  intimate  processes  which 
go  on  between  the  blood  carrying  the  nutriment  aud  the  different 
tissues.  This  most  interesting  hut  difficult  question  shall  receive 
our  attention  in  a  subsequent  section. 

Food. — There  are  two  portals,  namely,  the  lungs  and  the  ali- 
mentary canal,  by  which  new  materials  normally  enter  the  ani- 
mal body. 

Within  the  lungs  the  blood  comes  into  close  relation  with  the 
air,  and  takes  up  oxygen  from  it.  The  oxygen  is  then  carried  to 
the  various  tissues,  where  it  aids  the  combustion  accompanying 
the  life  and  functions  of  these  tissues.  Although  oxygen  is  the 
most  abundant  element  in  the  body,  taking  part  in  almost  every 
chemical  change,  and  its  continuous  supply  is  more  immediately 
necessary  for  life  than  that  of  any  other  substance,  yet  it  is  not 
counted  as  food,  because  tissue  oxidation  is  artificially  distin- 
guished from  tissue  nutrition. 

The  details  of  the  union  of  oxygen  with  the  blood  will  be  found 
in  the  Chapter  (XIX.)  on  Respiration. 

It  is  then  only  to  the  liquid  and  solid  portions  of  the  material 
income  of  an  animal — that,  in  short,  which  it  must  busy  itself  to 
obtain — that  the  term  "  food"  is  applied.  These  are  introduced 
into  the  alimentary  canal,  where  the  truly  nutrient  materials  are 
separated  and  prepared  for  absorption  into  the  blood,  while  the 
portions  wliich  are  not  useful  for  nutrition  are  carried  away  aa 
excrement.    One  is,  therefore,  quite  prepared  to  bear  that  the 
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really  nutritious  food-stuffs  are  composed  of  materials  whioh  are 
cbetnicaUy  like  the  tissues,  although,  as  we  shall  see,  we  have  no 
grounds  for  believing  that  the  different  chemical  groups  of  nutri- 
tive stuffs  are  exclusively  destined  to  replace  corresponding  sub- 
stances in  the  body.  On  the  contrary,  we  have  good  reason  to 
think  that  within  the  body  the  conversion  of  one  group  into 
another  is  very  common. 

In  Chapter  III.  the  tis.>>ues  of  the  animal  body  were  shown  to 
consist  of  chemical  compounds,  which  have  been  classified  into 
certain  groufw.  And  it  has  also  been  stated  that  the  tissues  are 
constantly  undergoing  chemical  changes  inseparable  from  their 
life,  and  that  for  these  changes  a  supply  of  nutritive  material  is 
ueoessary. 

The  nutriment  required  for  an  animal  is,  then,  made  up  of 
substances  which  may  be  divided  into  the  same  chemical  groups 
as  the  tissues  of  the  body  :  viz.,  proteids,  fats,  carbohydrates,  salts, 
and  water.  So  that  each  of  the  various  substances  which  we 
make  use  of  as  food,  coutaius  in  varying  proportions  several  of 
the  different  kinds  of  nutrient  material,  either  naturally  or  arti- 
ficially mixed  so  as  to  form  a  complex  mass,  the  important  item 
water  being  the  only  one  which  is  commonly  used  by  itself  These 
substances  may  be  considered  to  be  the  chemical  bases  of  the  food, 
as  they  are  also  the  chemical  basea  of  the  animal  body. 

The  following  classification  shows  the  relationships  between 
the  chief  items  of  nutritious  matters,  from  a  chemical  point  of 
view,  and  their  distribution  in  the  various  foods  we  commonly  eat. 

I.  OnoANic. 

1.  Nitrogenous — 

A.  Albuminous — abundant  in  eggs,  milk,  meat, 
peas,  wheatcn  flour,  etc. 

B.  Albuminoid — in  soups,  jellies,  etc. 
.  Non-Nitrogenous — 

A.  Carbohydratc5  (sugar,  starch) — abundant  in 
nil  kinds  of  vegetable  food,  and  iii  milk,  and 
present  in  small  quantity  iu  meat,  fish,  etc. 

B.  Fats — in  milk,  butter,  cheese,  fat  tissues  of 
meat,  many  vegetables,  oils,  etc. 
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II.  Inokoamc. 

1.  Salts — mixed  with  all  kinds  of  food. 

2.  Water — mixed  with  the  foregoing  or  alone. 

The  nutritive  value  of  any  kind  of  food  depends  upon  a  variety 
of  circumstances,  which  may  be  thus  summed  up  ; 

I.  Chemical  compositum,  of  which  the  main  points  are — 
(1.)  The  proportion  of  soluble  and  digestible  matters  (tnie 

food-stuffs)  to  those  which  are  insoluble  and  indi- 
gestible (such  as  cellulose),  etc. 

(2.)  The  number  of  different  kinds  of  nutrient  stuffi 
present  in  it. 

(3.)  The  relative  proportion  of  each  of  these  chemical 
groups.    ■ 

II.  Mechanical  CoiMlrucUon. — The  relation  of  the  nutrient  to 
the  non-nutrient  parts  is  of  the  greatest  importance,  as  is  seen 
where  the  nutritious  starch  of  various  vegetables  is  inclosed  in 
insoluble  cases  of  cellulose,  which,  if  not  burst  by  boiling,  prevent 
the  digestive  fluids  from  reachiug  the  starch. 

III.  DigetslibiUty. — This  depends  partly  upon  how  the  sub- 
stances affect  the  motions  of  the  intestines,  and  partly  upon  their 
construction.  Thus,  some  substances,  such  as  cheese,  though 
chemically  showing  evidence  of  great  nutritive  properties,  by  their 
impermeability  resist  the  digestive  juices,  and  are  poor  aliments. 

IV.  Idiogyncrasy. — In  different  animals  and  in  different  indi- 
viduals, and  even  in  the  same  individuals  under  different  circum- 
stances, food  may  have  a  different  nutritive  value. 

C'hemicaUy,  then,  foods  are  composed  of  a  limited  number  of 
elements  similar  to  those  found  in  the  auimal  tissues,  viz.,  carbon, 
oxygen,  nitrogen,  and  hydrogen,  together  with  some  salts.  If 
nothing  more  were  needed  by  the  economy  than  a  supply  of  these 
elements  and  salts  in  a  proportion  like  that  in  which  they  exist 
in  the  tissues, such  could  be  easily  obtained  from  inorganic  sources; 
but,  as  has  already  been  stated,  it  is  necessary  that  an  animal  ob- 
tain these  dements  associated  in  the  form  of  organic  materials  of 
complex  construction  (namely,  proteids,  etc.)  ready  made.  Al- 
lowing the  necessity  of  organic  food,  it  might  be  supposed  that 
since  the  elements  exist  in  proper  proportion  in  the  proteids,  au 
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iiindant  supply  of  proteida  would  suffice  for  all  nutritive  pur- 
poses, and  alone  form  an  adequate  diet.  Theoretically,  proteid 
aloDe  ought  to  be  sufficient  for  nutrition.  It,  however,  has  been 
frequently  testetl  by  experiment,  and  practically  decided,  that  an 
animal  will  not  thrive  upon  a  free  supply  of  pure  proteid  food 
alone ;  and  in  the  human  subject  such  exclusive  diet  would  induce 
dangerous  abnormal  conditions  in  a  short  lime.  Since  nitrogen 
is  an  important  element  in  nearly  all  parl.<!  of  the  body,  we  could 
hardly  expect  that  a  diet  composed  of  non-nitrogenous  food-stufls 
alone  could  support  the  auimal  economy.  lu  short,  the  results  of 
numerous  experiments  show  that  no  group  of  the  food-stuffs  al- 
ready enumerated  can  alone  sust-ain  the  body,  but  rather  that  a 
certain  pfoportion  of  each  is  absolutely  necessary  for  life. 

Fio.  42. 
Prdleiils.  Fats.        Carlinhvilmtew.         Water. 


Human  milk,    .  .  . 
Cow's  milk,    .  .  .  . 

Meat, 

Fuih, 

Leguminous  fruilF, 
Potatoes, 

Green  vegetables, 
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Dingrnm  showing  llio  percentage  of  the  principal  T"'  -  !>- 

ical  coniestililcs.    The  Dumbers  indicate  the  percentages.     Indigestible  ma- 
terials are  omitted. 

Special  Pobms  of  Food. 

The  articles  of  diet  we  make  use  of  are  animal  or  vegetable,  ac- 
cording to  the  source  from  which  they  are  derived.     It  will  bo 


MANUAI.  OF   PnVSIOUKJY. 

seen  that  a  varying  quantity  of  ail  chemical  classes  of  foofl -stuffs 
are  generally  present  iu  most  kinds  of  food,  whether  animal  or 
vegetable.  The  above  diagram  shows  the  proportion  of  the 
more  important  food-stuffs  in  some  examples  of  the  materials 
commouly  used  aa  food. 

Among  animal  fooiLs  are  included  railk,  the  flesh  of  various 
auimals,  and  the  eggs  of  birds.  These  may  be  more  fully  described 
8.S  typical  examples. 

Milk. — For  a  certain  period  of  their  lifetime  the  secretion  of 
the  mammary  gland  forni.s  the  only  fuod  of  all  mammals,  and  it 
is  the  one  natural  product  which  when  taken  alone  affords  ade- 
quate nutriment. 

It  consists  of  a  slightly  alkaline  watery  fluid,  containing  : 

1.  Proteids,  in  solution. 

2.  Fat«,  finely  divided  to  form  perfect  emulsion. 

3.  Sugar,  in  solution. 

4.  Salts,  in  solution. 

Owing  to  the  action  of  certain  organisms  which  readily  propa- 
gate in  milk  if  exjxj.sed  to  the  air  at  a  warm  temperature  for  some 
time,  it  loses  its  alkaline  reaction,  and  becomes  sour  from  the  for- 
mation of  lactic  acid  from  the  milk  sugar,  by  a  kind  of  fermen- 
tation, the  probable  equation  for  which  may  be  written  thus: 
C.H„0,  =  2C,H.O,- 

Milk  eugar.  I.actic  aclil. 

If  fresh  good  milk  be  allowed  to  stand,  the  fatty  particles  tend 
to  float  to  the  surface,  thus  forming  a  layer  of  cream. 

The  luilk  of  different  animals  is  similar  in  all  es»<eutial  pointsi 
but  differs  slightly  in  the  relative  proportion  of  the  ingredients, 
as  may  be  seen  in  the  following  table : 


Iluman. 

Cow. 

Goat. 

Am. 

Water 

Cuelu 1 

Alttumtn j 

Butter „ _ 

HUk  HUffar 

889.08                867.06 

^.«          {     ^^ 

2fl.«6                   43.a'i 

43.64                   40.37 

l.«                    6.48 

110.92                 143.95 

8IB.S8 
8SJI> 
12.99 
43J)7 
40  04 
6J£! 

136.42 

910.» 
1 20.18 
12.66 
}  67.02 

89.76 

Salt* 

Solid* -... 

IMlO.         1           1000.         I            lOUO. 

lOOO. 

MI1.K. 
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Milk  varies  both  in  the  amount  of  aolida  in  Boliition,  and  fat, 
according  to  the  age  and  general  condition  of  the  animal,  period 
of  lactation,  time  of  day,  etc. 

Since  human  milk  is  much  poorer  in  protcid,  fat,  and  .«nlts  (see 
Table),  and  richer  in  sugar,  than  that  of  the  cow  and  other  do- 
mestic animals,  it  is  necessary  to  dilute  the  latter  with  water,  and 
add  sugar,  when  it  is  substituted  for  human  milk  in  feeding  Infants. 

The  great  value  of  milk  as  nutriment  depends  upon  the  fact 
that  it  contains  every  class  of  food-stuff,  viz.,  ]>roteids,  fat,  carbo- 
hydrates, salts,  and  water,  in  the  proportion  demanded  by  the 

Fig.  43. 


Microscopic  appearance  of  milk  in  tlie  early  sUige  of  hictation,  showing 
coloslruni  cells  (<i). 

economy  ;  the  salts  in  milk  being  those  required  for  building  up 
the  liouea  of  the  infant,  viz.,  phosphates  and  carbonates  of  lime,  etc. 

The  normal  variations  in  tliese  proportions  are  not  very  great, 
but  as  artificial  modifications  of  the  percentage  of  water  are  com- 
mon, a  knowledge  of  the  method  of  testing  the  purity  of  milk  is 
necessary. 

Milk  Test*. — The  specific  gravity  of  milk  givea  an  easy  measure 
of  the  solids  in  solution,  but  unfortunately  it  gives  no  estimate  of 
the  amount  of  fat  suspended  in  the  emulsion.  Therefore,  to  test 
milk  adequately  two  methods  must  be  employed  :  one  to  estimate 
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the  degree  of  deoeity  of  solution,  and  the  other  the  degree  of 
opacity  of  the  emuision. 

I.  To  test  the  density,  a  specially  graduated  form  of  hydrometer 
is  generally  used.  This  is  graduated  so  as  to  indicate  specific 
gravities  from  1042  to  1014.  The  former  being  the  maximum 
density  of  pure  milk,  the  average  being  about  1030,  and  the  latter 
being  about  the  density  of  pure  milk  when  mi.xed  with  an  equal 
bulk  of  water.  Every  reduction  of  3  in  the  specific  gravity  may 
be  said  to  correspond  to  about  10  per  cent,  of  water. 

II.  The  degree  of  opacity  is  estimated  by  the  amount  of  water 
required  to  render  a  small  quantity  of  milk  sufficiently  translucent 
to  allow  a  candle-flame  to  be  seen  through  a  layer  of  the  mixture 
one  centimetre  thick.  One  cubic  ceniimelre  t»f  the  milk  (which 
has  been  shown  by  the  microscope  and  the  iodine  test  not  to  con- 
tain chalk  or  starch)  is  placed  in  a  test-glass  with  flat  parallel 
sides,  just  one  centimetre  apart,  and  water  is  cautiously  added 
from  a  graduated  pijictte.  The  more  water  required  the  richer 
the  milk  is  in  fat;  good  fresh  milk  requires  about  70  times  its 
bulk  of  water  to  become  translucent. 

Another  method  employed  for  the  same  purpose  consists  in  the 
comparison  of  the  color  produced  by  a  thin  layer  of  milk  in  a 
black  cell  with  a  previously  prepared  standard  of  grayish  colors. 

The  quantity  of  fat  may  also  be  estimated  by  placing  the  milk 
in  a  tall  graduated  vessel  for  twenty-four  hours,  at  the  end  of 
which  time  it  should  show  at  least  10  per  cent,  of  cream. 

Butter  is  made  from  milk,  or  better  from  cream,  by  breaking 
by  agitation  the  coating  of  proteid  which  before  churning  prevents 
the  oil  globules  from  ruuuing  together.  It  is  almost  completely 
composed  of  fat,  the  larger  globules  having  run  together  lo  form 
the  solid  butter,  which  can  be  removed,  leaving  some  small  fat 
globules  with  the  proteids,  milk  sugar,  lactic  acid,  and  salts  in 
the  water  forming  "  buttermilk."* 

Cheese  is  another  form  of  food  made  from  milk  by  precipitating 
the  proteid  either  by  lactic  fermentation,  or  the  addition  of  rennet 
— an  extract  of  calves'  stomach  which,  without  the  presence  of 


*  For  the  details  of  secretion  of  milk,  etc.,  see  Mammar;  Gland. 
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any  acid,  curdles  milk — and  draining  off  the  solution  of  milk 
sugar  and  salts  ("  whey").  It  contains  most  of  the  proteid,  and 
a  great  deal  of  the  fat  of  the  milk.  During  the  ripening  of  the 
cheese  more  fat  is  formed,  apparently  from  the  proteid,  while  leuciu 
and  ty  rosin  also  appear. 

Meat. — We  use  the  flesh  of  the  vegetable-feeding  mammals  and 
birds  that  are  most  easily  obtainable,  and  many  kinds  of  fi.sh. 
The  invertebrate  animals,  mostly  shell-fish,  need  hardly  be  men- 
tioned in  a  physiological  dietary,  and  are  not  spoken  of  as  meat. 

As  it  comes  from  the  butcher,  meat  consists  of  many  of  the 
animal  tissues,  the  chief  ones  being  flesh  (muscle  tissue),  fat,  and 
some  sinews  (tibrous  tissue).  The  fleshy  or  lean  part  of  meat  is 
chiefly  made  up  of  nitrogenous  materials,  and  contains:  (1)  Sev- 
eral proteids,  chiefly  the  globulin,  myodn;  (2)  gelatine  yielding 
substances;  (3)  carbohydrates,  glycogen,  and  sugar;  (4)  small 
quantities  of  fat ;  (5)  several  inorganic  salts;  (6)  extractives. 

Meat  may  be  eaten  raw,  but  aj  it  is  impossible  (o  impart  to  it 
the  various  flavors  which  our  artificial  ta.stes  demand  without  some 
special  preparation,  it  is  generally  cooked  before  use.  Moreover, 
the  not  infrequent  occurrence  in  muscle  of  parasites  which  would 
prove  injurious  if  swallowed  alive,  makcd  the  exposure  of  meat 
to  a  temperature  high  enough  to  insure  their  destruction  advisable. 

Apart  from  pleasing  the  taste,  it  is  of  great  iraportaoce  so  to 
prepare  meat  as  to  preserve  in  it  all  the  nutrient  part.",  many  of 
which  arc  soluble  in  water,  ami  therefore  are  apt  to  be  removed  if 
that  solvent  be  injudiciously  used.  Thus,  the  process  of  rou-stiug, 
in  which  all  its  nutrient  parts  are  retained,  ought  to  be  more  satis- 
factory than  boiling,  by  whicli  the  salts,  extractives, carbohydrates, 
gelatin,  and  some  albumin  may  be  dissolved  by  the  water.  How- 
ever, if  the  meat  be  plunged  into  water  which  is  already  boiling, 
the  proteids  near  the  surface  are  rapidly  coagulated,  and  the  water 
cannot  reach  the  central  parts  in  sufiicieiit  quantity  to  remove  even 
the  soluble  ingredients.  The  whole  of  the  albuminous  parts  may 
be  thus  coagulated  as  the  temperature  of  the  inner  parts  rises  to 
boiling  p<jint.  In  treating  meat  to  obtain  "stock"  ("bouillon") 
for  the  (ouiidalion  of  soups,  the  opposite  procedure  is  adopted. 
Cold  water  is  used,  and  the  tcmjierature  slowly  and  gradually 
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raised,  but  not  quite  to  boiling  point,  in  order  tbat  as  much  as 
possible  of  the  soluble  materials  may  be  extracted,  and  a  tasteless 
friable  mtiscie  tissue  remains  ("  bouilli").  As  the  fluid  is  gener- 
ally allowed  to  boil  in  order  to  clear  it,  much  of  the  proteid  ma- 
terial »vhich  was  dissolved  in  the  earlier  stage,  is  coagulated  and 
removed  with  the  scum.  Although  "stock"  cannot  contain  any 
great  proportion  of  the  most  important  constituents  of  meat,  it  is 
of  much  value  as  a  nutriment  in  medical  practice,  possibly  on 
account  of  some  stimulating  action  of  its  ingredients  upon  the 
motions  of  the  iutestincs  and  heart,  A  strongly  albuminous  ex- 
tract of  meat,  "  beef-tea, "  may  be  made  by  digesting  flesh  in  a 
small  quantity  of  water,  and  keeping  the  temperature  below  that 
at  which  albumin  coagulates,  and  adding  vinegar  and  salt  to 
facilitate  the  formation  of  syntouin  and  the  solution  of  myosin. 
The  salt  can  be  then  removed  by  dialysis. 

Effffs. — Eggs  consist  of  two  parts,  one  the  white,  composed  of 
albumin,  and  the  other,  the  yolk,  chiefly  made  up  of  fat. 

The  white  is  a  concentrated  watery  solution  of  albumin,  held  to- 
gether by  delicate  structureless  membranous  meshworks.  Besides 
the  albumin  it  contains  traces  of  fat,  sugar,  extractives,  and  salts. 

The  yellow  fat  emulsion  of  the  yolk  contains  a  peculiar  proteid, 
vitellin,  some  grape  sugar,  and  some  inoigauic  salts,  in  which 
combinations  of  phosphoric  acid  and  potassium  are  conspicuous. 
Raw  eggs  are  difficult  of  digestion,  as  is  all  uncooked  albumin. 
Hard  boiled  eggs,  if  not  finely  divided  by  mastication,  are  also 
very  difficult  to  digest,  fur  the  gastric  juice  cannot  penetrate  the 
hard  musses  of  coagulated  albumin  which  arc  so  easily  and  coni- 
memly  swallowed.  Eggs,  when  lightly  cooked,  are  easily  digested, 
as  the  ttlbumiu  is  already  cnajj;ulati'd,  and  cannot  be  introduced 
into  the  stomach  in  large  masses.  Eggs  are  of  very  great  nutritive 
value,  as  they  contain  so  large  a  percentage  of  proteid,  fats  and  salts. 

Vegetable  Food. — Vegetables  differ  from  animal  food  : 

(1.)  In  containing  a  much  greater  proportion  of  material  which 
for  man  is  indigestible  (cellulose),  and  a  less  proportion  of  real 
nutritive  material. 

(2.)  The  percentage  of  proteid  is  below  that  of  animal  food, 
and  the  proportion  of  carbohydrates  is  generally  much  greater, 
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while  tlie  amount  of  fal  is  small  but  varies  considerably.  In  order 
therefore  to  get  the  required  amount  of  nutritive  material  from  a 
purely  vegetable  diet,  it  is  necessary  to  consume  a  much  greater 
quantity,  and  the  amount  of  excrement  indicating  the  indigestible 
matters  is  proportionately  increased. 

Cereah, — The  most  valuable  forms  of  vegetable  food  are  those 
Lobtaiued  from  the  seeds  of  certain  kindred  plants  (Grnminncea;), 
■  wbeat,  rye,  maize,  oats,  rice,  etc.,  which  when  ground  are  used 
either  as  "whole  meal,"  or,  the  integument  ("bran")  being  re- 
moved, as  flour.  They  contain  differeut  kinds  of  proteid.  (1.)  A 
native  albumin  soluble  in  water  nnd  coagulable  by  heat,  and  iu 
many  respects  like  animal  albumin  ;  but  as  it  cannot  be  obtained 

Fro.  44. 


Section  of  Pea,  elinwing  starcli  and  nleuroiie  granules  imlxKlded  in  (he 
protoplttsni  of  the  cell.t.  (.Vfler  Sachs.) — <i.  Aleurooe  graDules.  tl.  Starch 
granulun.     i.  InteiTcltular  spaces. 


pure  it  is  itnperfeclly  known.  (2.)  Vegetable  fibrin,  an  elastic 
body,  which  coagulates  spontaneously  and  is  difficult  to  separate. 
(3.)  Vegetable  glue  or  gliadin,  which  gives  the  peculiar  iidhesive- 
ness  to  the  gluten,  as  the  proteid  uiisture  obtainable  from  corn  is 
commonly  called.  Cereals  also  contain  traces  of  fat,  and  a  very 
large  proportion  of  starch  and  some  salts. 

The  following  table  gives  the  percentages  of  the  chief  diflerent 
nutritive  stufls  in  some  common  cereals: 
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WheM. 

Barlcr- 

Oau. 

Mkin. 

Rice. 

Water 

ProleM 

Kulf — 

Ciirbohydratci 

Salt* „ 

IS. 
l&SS 

IM 
W.6I 

2. 

14.48 
12.2S 
2.83 

«7.se 

2.85 

10JB8 
9.04 
4. 

73.49 
2.69 

12. 
7.91 
4.83 

78.19 
1.28 

9.20 

bM 

.75 

81.47 

Green  Yegeiahleit. — These  contain  some  starch,  sugar,  dextrin, 
salts,  and  tninute  quautitiea  of  proteid,  and  arc  of  small  nulritiTe 
value. 

Potatoes  contain  very  little  proteid,  but  a  considerable  quantity 
of  starch,  upon  which  their  nutritive  value  almost  entirely  depends. 

The  following  table  gives  the  relative  proportions  of  the  various 
tiutritive  materials  contained  in  some  of  the  common  vegetable 
foods : 


Peu. 

BMa*. 

PotJOoes. 

CanUflower. 

Water.... 

Proltld 

C-arlxjIiydnilea 

ExtnurUvc „ 

14J0 

22.18 

fi«.« 

1.18 

1.96 

2.S7 

12.88 

22. 

M.65 
8.32 
M» 
2.58 

72.74 

1.S2 

2S.77 

.97 

.15 

1.00 

79.18 
.80 
18. 

F«t» 

Salts 

.7 

The  most  striking  points  are  the  very  large  proportion  of  pro- 
teid ill  the  leguminous  fruits,  and  the  comparative  richness  of  all 
vegetables  in  starchy  food-stuffs. 

\f'ater  is  the  great  medium  by  the  solvent  power  of  which  food 
is  made  capable  of  ingestion.  Spring  water  always  has  a  certain 
quantity  of  lime  and  other  salts  iu  solution,  and  in  propurLion  to 
the  amount  of  salts  is  8aid  to  be  more  or  less  hard.  Water  is 
tasteless,  inodorous,  and  colorless  when  pure.  Soft  water,  such  as 
rain  water.  U  jmre,  but  not  so  agreeable  to  taste  as  spring  water, 
and  is  very  liable  to  contamination  in  its  passage  over  roofs  pre- 
vious to  collection.  Standing  water  should  be  avoided  for  drink- 
ing, owing  to  the  probability  of  its  containing  organic  matter. 

iialls. — Great  varieties  of  salts  are  taken  into  the  system,  of 
which  chloride  of  sodium  forms  the  largest  proportion.  These 
have  uo  doubt  very  important  functions  to  perform,  in  entering 
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into  combination  with  the  various  tissues,  and  also  probably  in 
aiding  the  chemical  changes  of  parts  of  which  they  do  not  form  a 
normal  constituent.  They  help  to  render  certain  substances  sol- 
uble, and  stimulate  the  cells  of  certain  glands  to  more  active 
secretion,  e.g.,  the  kidney  excretes  more  urea  when  there  is  an 
abundant  supply  of  common  salt  in  the  food. 


CHAPTER  VI. 

THE  MECHANISM  OF  DIGESTION. 

The  acts  of  digestion  may  b«  divided  into  mechanical  and 
chemical  processes.  Under  the  mechanical  processes  come  the  ar- 
rangements for  the  subdivision,  onward  movement,  and  general 
mixture  of  the  food.  The  chief  ubjects  of  the  ehemiml  changes 
may  be  said  to  be  the  chan^ie  from  the  inaohibie  to  the  sohible 
form  of  certain  liiiids  of  fnod-stuffs  (starch,  proteids)  and  tiie 
finer  subdivision  of  others,  such  as  fats,  which  do  not  dissolve  in 
the  intestinal  or  body  juices. 

Attention  has  already  been  called  to  the  fact  that  there  are 
different  kinds  of  contracting  textures,  and  that  they  are  capable 
of  different  kinds  of  motion,  some  slow  and  steady,  some  rhyth- 
mical, some  sharp,  short  and  sudden.  It  must  also  bo  remem- 
bered that  the  more  energetic  and  sudden  the  motions  are,  the 
more  marked  becomes  the  differentiation  of  the  tissue.  Thus  the 
active,  quick-contracting  skeletal  muscles  and  the  thythniically 
acting  heart,  are  made  up  of  tissue  whiL'h  is  very  distinct  in 
structure  and  in  mode  of  action  from  that  of  the  contracting  cells 
composed  of  ordinary  protoplasm,  while  in  the  slowly  moving 
internal  organs  we  meet  tissue  elements  which,  in  difl'erent  ani- 
mals, show  many  stages  of  gradation  between  simple,  indifferen- 
tiated  protoplasm  and  the  special  striated  muscle  tissue. 

It  is  necessary  that  in  the  first  stages  of  alimentftticm  the  mo- 
tions should  be  quick  and  energetic;  so  the  mouth,  pharynx,  and 
upper  part  of  the  resophagua  are  supplied  with  striated  muscle 
tissue,  which  differs  in  function  and  structure  from  that  of  the 
rest  of  the  alimentary  canal.  lu  the  stomach  and  intestines  the 
slower  and  more  gradual  kinds  of  motion  are  required,  and  here 
we  find  a  good  example  of  non-striated  muscle  tissue. 
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Around  the  extremity  of  the  rectum  is  a  band  of  smooth  mu»- 

Fio.  45. 


Diagram  nf  Aliiuenlary  Tract.  Angles  uf  mouth  >ilit  to  iihow  the  Iinck 
of  Uie  buu'al  cavity  and  the  lop  of  the  pharynx. — (e)  Canliuc,  (/))  Pyloric 
puis  of  stomacli ;  (</)  Diiodennm;  (i)  Jejunum  and  Ilium;  {ae)  AKcend- 
ing,  (te)  Transverse,  and  (dc)  Descending  Colon  ;  (r)  Itccliini;  (a)  Anus. 

cle,  which  remains  in  a  condition  of  persistent  or  tonic  contraction. 
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For  further  details  concerning  tlie  muscle  tissue  the  student 
must  turn  to  the  chapter  on  that  subject.  Here,  however,  it  may 
not  be  out  of  place  to  describe  briefly  the  special  character  of 
the  muscle^j  found  in  the  wall  of  the  digestive  tube  and  their 
general  arrangement. 

Masiieation. — In  man,  the  introduction  of  food  into  the  mouth 
is  generally  accomplished  by  artificial  means,  so  that  the  biting 
teeth  (incisors)  and  the  tearing  teeth  (canines)  are  comparatively 
little  used  for  obtaining  a  suitable  morsel  of  food  (Fig.  46).     In 


Fio.  46. 


Fio.  47. 


Fio.  4<>. — Transveise  rection  of  the  Canine  Tooth  of  a  man. — (a)  Enamel ; 
(i|  Deiiliiie;  (f)  Pulp  I'jivity;  (d)  Criista  ])etro.sa.     (CaJiat.) 

Fio.  47. — Slnictural  flemeiils  of  the  Enamel  of  Toolh. — a.  Priems  cut 
ftcrtwH  showing  the  hexagonal  section.    B.  Isolated  [iruims.    (Kiilliker.) 

the  mouth  the  all-important  act  of  chewing  or  mastication  is  ac- 
complished by  means  of  the  motions  of  the  tower  jaw,  the  tongue, 
and  the  cheeks.  This  process  of  breaking  up  the  solid  parts  of 
the  food  ought  to  be  continued  until  all  hard  substances  are 
ground  into  a  soft  pulp. 

Structure  of  the  Teeth. — The  exposed  part  of  the  teeth  is  cov- 
ered by  a  dense  substance  of  flinty  hardness  called  enemieJ,  which 
is  develope<l  from  the  epithelium,  and  consists  of  hexagonal 
prisms  set  on  end,  which  are  really  modified  epithelial  cells  but 
only  contain  about  2  per  cent,  of  animal  matter  (Fig.  47).  The 
bulk  of  the  tooth  is  made  up  of  dentine,  sl  substance  like  bone  in 
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Fio.  48. 


coroposition,  pierced  by  numerous  fine  canals — dentine  tubes — 
which  radiate  towards  the  surface,  from  the  pulp  cai^iiy,  in  the 
centre  of  the  tooth.  Processes 
of  protoplasm  run  in  the  den- 
tine tubes  from  the  tooth  cells, 
which  line  the  pulp  cavity  and 
preside  over  the  nutrition  of 
the  tooth.  The  cavity  contains 
vessels,  nerves,  etc.,  which  en- 
ter at  the  root  of  the  tooth 
which  is  inclosed  in  a  kind  of 
modified  bone  tissue  called 
cnitta  peirosa. 

The  two  rows  of  grinding 
teeth,  molars  and  premolars 
(one  on  each  side)  of  the  lower 
jaw  are  made  to  rub  against 
the  corresponding  teeth  in  the 
upper  fixed  jaw  by  the  com- 
bined vertical  and  horizontal 
movements  induced  by  the  ac- 
tion of  the  powerful  muscles 
of  mastication,  the  temporal 
muscles,  together  with  the 
raasseters  and  internal  ptery- 
goids, all  tending  by  their  con- 
traction to  elevate  the  lower  jaw  aud  bring  the  teeth  forcibly  to- 
gether. This  action  is  opposed  by  the  digastric,  the  genio-  and 
mylohyoid  muscles,  which  by  their  combined  force  depress  the 
jaw  and  separate  the  teeth.  The  horizontal  movements  are  in 
the  main  accomplished  by  the  external  pterygoid  muscles,  which, 
acting  together,  pull  the  lower  jaw  forward  so  as  to  make  the 
lower  teeth  protrude  beyond  the  upper.  In  this  action  they  are 
opposed  by  the  digrastric  and  hyoid  muscles.  One  external 
pterygoid  on  either  side  acting  alone,  advances  that  side  of  the 
lower  jaw  only,  and  thereby  causes  the  lower  teeth  to  incline 
towards  the  opposite  side  in  a  lateral  direction.    The  two  muscles 

9 


SeiHion  through  a  portion  of  the 
fang  of  a  tootli. — («)  Dentine  tubules 
near  the  surface  of  the  fang ;  (6) 
Granular  layer;  (e)  Cnista  petrosa. 
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noting  alternately  cause  a  horizontal  motion  from  side  to  side. 
Thus,  while  the  lower  teeth  are  pressed  Brmly  against  the  upper 
ones  they  arc  at  the  same  lime  made  to  glide  over  them,  either 
from  side  to  side  or  backwards  and  forwards.  By  tlicHe  niove- 
nienla  the  bruised  food  is  soon  pushed  from  between  the  teeth, 
and  passes  towards  either  the  tongue  or  cheek.  The  morsel  is 
soon  replaced  between  the  teelh  by  the  action  of  the  tongue  on 
the  one  hand  nnd  the  buccinator  muscle  in  the  cheek  on  the 
other. 

While  the  process  of  mastication  is  going  on,  the  food  becomes 
Uioroughly  moistened  with  the  fluid  secreted  within  the  mouth. 

Dcfflulitioii. — The  next  step  is  swallowing.  When  tlie  food  is 
suflicieutly  Irilurntcd  and  moistened  it  is  collected  together  by 
means  of  the  tongue,  and  placed  upon  the  upper  surface  of  that 

Fjo.  40. 


'IfcctJon  Ihroiigli  a  jjortion  of  dentine  next  the  pulp  cavity  of  h  growing 

tcHitli. — (a)  Am  JHoluted  odonloblmtt;  (4)  Growing  p.irl ;  (c)  Oilontobla«l« ; 
(f/)  Filaments  of  prolojilasm  pnyectjng  from  llie  lultcrclea  of  liaril  dentine, 
(neale.) 

organ,  which  becomes  concave  nnd  presses  or  rolh  the  soft  pulp 
against  the  hard  palate  so  as  to  shape  it  into  an  oblong  mass  or 
bolus  (Fig.  51 ).  The  apex  of  the  tongue  is  now  raised  and  pressed 
against  the  hard  palate,  and  i»y  the  succeftiive  elevations  of  the 
different  parts  of  the  dorsum  of  the  tongue  the  bolus  is  gradually 
pushed  backwards  towards  the  isthmus  of  the  fauces.    The  root 
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of  the  tongue  with  llie  hyoid  bone  is  at  the  same  time  drawn  up- 
wards and  forwards,  so  that  the  bolus  easily  slips  down  along  the 
retreating  slope  leading  from  the  mouth  cavity,  and  gets  within 
the  reach  of  the  constrictors  of  the  fauces.  Immediately  before 
the  morsel  of  food  is  gras|>cd  by  the  muscles  of  the  fauces  the 
levator  palati  draws  the  soil  palate  upwards  and  backwards  to 
completely  close  the  posterior  openings  of  the  nasal  cavity,  as  is 
shown  by  the  fact  that  during  the  act  of  swallowing  the  pressure 

Fio.  50. 


The  Pterrgniil  Muscles  tteen  from  without  after  removal  of  the  superliL-aal 
■,  tlic  (etnpunil  miiKcle,  llie  zy);oniatic  urcli,  and  a  portion  of  the  lower 
rund  matiseter.     (IJ  Kzlemal,  (2j  lutemnl  ptervgoid  muscle. 


in  the  nasal  cavity  is  raised.  At  the  same  moment  the  intriusic 
muscles  of  the  larynx,  which  surrcuud  the  rima  glottidis  like  a 
constrictor,  firmly  close  that  opening  by  approximating  the  cords 
and  arytenoid  cartilages.  The  entire  larynx  is  at  the  same  time 
drawn  up  behind  the  hyoid  bone  by  the  thyro-hyoid  muscle. 
The  rima  glottidis  is  thus  tucked  in  under  the  cushion  of  the 
epiglottis,  while  the  leaf  of  the  epiglottis  is  pulled  down  over  the 
larynx  by  the  oblique  aryteno-epiglottidean  and  thryo-epiglotti- 
dean  muscles. 

While  the  closure  of  the  nasal  and  pulmonary  air  passages  is 
going  on,  the  bolus  has  passed  out  of  the  cavity  of  the  mouth  and 
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lias  beeu  catiglit  by  the  pais  to-glossal  anri  imlnto-pharyngeal 
muscles  which  force  it  into  the  pharynx,  and  ut  the  same  time 
close  the  isthmus  faucium  behind  the  descenrliug  morsel.  The 
stylo-pbaryugeis  awl  the  pharyngeal  constrictors  now  grasp  the 


FiQ.  51. 


Miiwles  of  Tongue  ami  Pliarynx. — 1,  2,  3,  Muscles  from  styloid  procen 
(6)  to  tlie  Uvngue,  liyoid  bone  (rf)  and  plmryni  reiii)ectivcly ;  4  5  0  7  8 
muscles  of  tongue;  9,  10,  11,  constrictors  of  pliarynx;  12,  cesophagua;  13 
is  placed  on  larj-nx  (e).    (Allen  Tlioiugon.) 

bolus  gpflsmodically,  and  the  latter  contract  in  rapid  succession, 
moving  (he  bolus  onwards,  and  drawing  themselves  over  it,  pass 
it  on  to  the  oesophagus,  where,  by  a  progressing  ring-like  contrac- 
tion of  the  circular  muscles  and  a  simultaneous  shortening  of  the 
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longitudinal  layer  of  fibres  the  mass  is  slowly  squeezecl  down  to 
the  cardiac  orifice  of  tlie  stomach.  The  movemeuts  of  the  (Eso- 
phagus are  essentially  peristaltic  in  character,  the  peculiarities 
of  which  form  of  motioa  will  be  discussed  when  speaking  of  the 
iDtestlnal  movements. 

Fio.  52. 


Deep  Moadeii  of  Clieek.  Pharynx,  etc. — (1)  OrLiicularis  oris;  (2)  biic- 
cinittor;  (3)  Bii|)erior,  (4)  middle,  and  (5)  inferior  constrictoni  of  llic 
phnrynx;  (0)  asopliagUB;  (7)  etvlnid  moscles  cut  acruiw;  (8,0,  10)  mus- 
cles attached  to  the  hyoid  bono  (</)  and  thyroid  cartilage  (e).  (Allen 
Thonison.) 


The  entire  process  of  swallowing  is  a  continuous  series  of  co- 
ordinated muscular  nets,  quite  independent  of  gravitation,  as  may 
be  seen  in  animals  drinking  with  their  head.'}  downwards.  Al- 
though all  the  complex  sets  of  movements  follow  each  other  per- 
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fei'tly  evenly  aud  without  any  check  or  pause,  the  act  of  degluti- 
tion is  coniruouly  divided  into  three  so-called  stages,  between 
whiub,  however,  it  is  by  no  means  easy  to  draw  a  hard  and  fast 
Hoe. 

Thefirgl  stage  is  simply  the  initiatory  step  of  placing  the  morsel 
of  food  or  some  licjuid  in  such  a  position  as  to  excite  the  secood 

Fio.  63. 


Transverse  Hcction  of  fJisopliagus  (Ilorsley). — a.  Outer  fibroaa  covering. 
h.  Bundles  of  longiltiditml  muBcle  out  arross.  c  Transverse  muscular  coat 
cut  oblicjuely.  <'.  SuU-iuucuub  cont  with  glandii  in  Bcction.  r.  MustMilaria 
mucoBs.    /.  Muootui  membrane  with  cnt  vessela.     g.  Stratified  epithelium, 


or  spasmodic  act  of  deglutition.  This  first  step  is  a  voluntary 
act,  and  it  is  the  oidy  part  of  the  movements  of  swallowing  over 
which  we  have  any  voluntary  control.  The  progress  of  the 
morsel  between  the  tongue  and  palate  towards  the  fauces  may  be 
as  slow  and  gradual  as  we  wish,  but  the  moment  a  certain  point 
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is  reached  volition  i»  at  an  end,  and  w<>  are  unable  to  check  the 
cotnpletiou  of  tbe  act. 

By  the  leeotid  stage  ig  meant  the  period  occupied  hj  the  | 
of  the  fofw]  holus  through  the  pbarrox  and  past  the  top  of 
larynx.  Although  we  are  not  able  to  influence  it  in  anj  wajr ' 
our  will,  we  are  conscious  of  the  food  pasBing  in  this  regioa.  It 
is  a  rapid  in  voluntary  spasm  in  which  a  great  number  of  Boaelci 
take  part,  all  of  which  are  made  up  of  striated  mu»c1e  danw^ 

The  third  ttage  includes  all  the  rest  of  the  time  during  which 
the  bolus  is  passing  from  the  grasp  of  the  lower  pharyngeal  con- 
strictor and  along  the  <i3<ophagu8.  Not  only  baa  our  will  no  in- 
fluence over  this  stage  of  deglutition,  but  we  are  hardly  conscious 
of  its  taking  place,  since  no  sensations  accompany  the  greater 
part  of  it.  Thus  the  more  essential  movements  of  the  act  of 
swallowing  are  purely  reflex  and  involuntary,  though  we  can  call 
forth  this  series  of  reflections  by  voluntary  siimuUiion  of  a  cer- 
tain part  of  the  fauces  by  means  of  a  morsel  of  food  or  a  drop  of 
liquid.  And  without  such  a  stimulus  as  food  or  liquid  we  cannot 
hy  our  will  excite  swallowing.  We  think  we  can  perform  the 
muscular  movements  of  swallowing  when  we  please,  without  any 
food  or  fluid,  but  in  this  we  are  mistaken,  as  careful  obeenration 
of  our  own  performance  of  the  act  will  show. 

The  pharyngeal  spasm  is  always  preceded  by  the  deposition  in 
the  region  of  the  isthmus  faucium  of  some  drop  of  saliva  collected 
from  the  mouth  or  fauces  themselves.  In  fact,  without  a  slight 
preliminary  movement  of  the  posterior  part  of  the  tongue — which 
might  be  called  the  la^t  act  of  mastication — the  more  essential 
stages  of  deglutition  cannot  be  excited. 


Nervous  Mechanism.— The  voluntary  influences  which 
regulate  the  motions  of  the  muscles  of  mastication  pa^  along  the 
efferent  branches  of  the  fifth  nerves  (^trigemini)  which  accompany 
its  inferior  division.  Tbe  muscles  which  depre«  the  jaw  to  open 
the  teeth  and  the  intrinsic  muscles  of  tbe  tongue  are  supplier]  by 
the  ninth  pair  of  nerves  (except  the  posterior  belly  of  the  digm*- 
tric,  which  has  a  branch  from  the  facial,  and  the  mylohyoid  and 
anterior  belly  of  the  digastric,  which  are  supplied  from  the  third 
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division  of  the  fifth).  The  co-ordination  of  the  moveraents  of 
mastication  and  suction  seem  to  reside  in  the  medulla  oblongata, 
but  are  obviously  under  the  coutrol  of  the  will. 

The  afferent  impulses  which  excite  the  nerve  centres  in  the 
medulla,  and  give  rise  to  reflex  acts  which  cause  the  swallowing 
movementj!,  pass  from  the  mucous  membrane  of  tho  fauces  along 

(1)  the   descending   palatine   branches  of  the  spheno-palatine 
Dglioa  and  the  secood  division  of  the  trigeminus,  also  along 

(2)  the  pharyngeal  branches  of  the  superior  laryngeal  branch  of 
the  vagus  to  the  medulla,  where  the  co-ordinatiou  of  the  pharyn- 
geal spasm  and  (esophageal  peristalsis  is  accomplished.  Thence 
the  efferent  impulses  pass  along  (1)  the  hypoglossal  to  the  hyoid 
and  glossal  muscles,  (2)  the  glosso-pharyngeal  and  vagus  to  the 
pharyngeal  plexus  to  supply  the  constrictors,  and  (3)  along  the 
facial  and  fifth  to  supply  the  fauces  and  palate,  as  indicated  by 
their  anatomical  distribution. 

The  act  of  deglutition  can  be  readily  excited  in  an  animal 
which  is  deprived  of  all  the  nerve  centres  down  to  the  medulla 
oblongata,  and  may  also  be  seen  in  those  human  monstrosities 
(anencephalous  foetus)  which  are  born  without  the  upper  part  of 
the  brain  being  developed,  but  can  both  suck  and  swallow. 

The  movements  of  the  wsophagus  are  reflections  from  the  cen- 
tral nervous  system  (medulla),  both  sets  of  impulses  (possibly 
the  afferent  and  certainly  the  efferent)  passing  along  the  branches 
of  the  vagus. 

It  would  appear  that  the  normal  peristaltic  movements  of  the 
aisophagus  are  always  initiated  by  a  pharyngeal  spasm,  and  that 
they  form  an  inseparable  sequel  to  it.  Thus  the  wave  of  con- 
traction passes  along  the  entire  length  of  the  tfsopliagus,  even 
when  the  bolus  is  stopjwd  mechanically,  and  on  the  other  hand 
a  body  introduced  into  the  oesophagus  without  passing  through 
the  pharynx  excites  no  peristaltic  wave  and  remains  motionless. 

But  it  has  been  observed,  in  apparent  contradiction  to  the  fore- 
going statement,  that  the  ossophagus  when  removed  from  the 
body,  and  therefore  quite  independent  of  the  pharynx  and  its 
nervous  connections,  can  be  excited  to  move  peristaltioally.  In 
this  case  the  medulla  or  vagus  cau  have  uo  part  in  bringing 
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altuut  this  wave  of 
'  nmy  be  urged  tbal  tbe  local : 

tissues  uf  the  a^K>pb3gu«  are  capdbU  by  thi  — iw  of  ' 
oat  peri»Ultic  contrsdioa  in^epcadcatiy  of  tke 
organs,  but  that  this  power  m,  aader  adamuj  df 
held  in  check  bj  tbe  Tagus.    TW  ioliibttiaa  ii  tmaptntHj  aoa- 
pended  as  a  eeqoence  of  pbaiyDgeal  i 
wave  of  pemtaltic  oontractioa  b  excited  ia  dke  < 
ries,  either  in  raponae  to  the  direct  ■ti^oka  af  a  i 
or  as  a  result  of  impolsec  reflected  aloag  tke  \ 
the  medalla. 

Fia.M. 


Di^mmorWaUdflW 
maadettteiL 


Ibe  t: 


Motion  of  the  Stomach. — TW 
of  the  intestiaai  trad  matt  bttAj  vHbia  the 
covered  by  tbe  saMotb  Kraaa  Haiag  of  tfcat  CBviqr. 
keeps  iu  poritioa,  ao  as  to  ratrict  l^etr 
such  aa  tbe  doodeaum,  iaio  vfaidi  the  daela  af  la*|^  glaads 
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ment.  In  the  main,  the  nintions  of  the  stomach  are  peristaltic. 
They  become  very  active  about  fifteen  miuutes  after  the  intr<»- 
duction  of  food,  and  gradnally  become  more  and  more  energetic 
until  the  end  of  stomach  digestion,  which  lasts  about  five  hours. 

The  result  of  the  peristaltic  motion  is  to  move  the  food,  par- 
ticularly the  part  next  the  gastric  wall,  along  the  great  curvature 
towards  the  pylorus.  A  back  current  towards  the  cardiac  ex- 
tremity has  bc«n  noticed  running  along  the  leaser  curvature,  and 
the  median  axis  of  the  fooii  mass.  At  the  same  time  a  peculiar 
rotatory  motion  of  the  gastric  wall  takes  place,  similar  to  thai  of 
rolling  a  ball  between  the  palms  of  the  hands,  so  that  the  focxl 
is  twisted  in  a  given  direction,  and  the  deeper  lying  portion  is 
brought  into  contact  with  the  raucous  membrane. 

While  the  fundus  keep  up  considerable  pressure  on  the  coti- 
tcnts  of  the  stomach,  the  indist  inct  [>eristaltic  action  of  (he  ecnlnrl 
part  is  intensified  on  nearing  the  pylorus  into  a  strong  circular 
contraction,  which  proceeds  as  a  definite  wave  towards  the  pyloric 
valve,  through  which  it  gradually  forces  the  more  or  less  digested 
food.  At  first  only  the  fluid  parts  are  allowed  to  pass,  but  towards 
the  later  stages  of  digestion  the  fatigued  pyloric  muscle  admits 
solid  masses  into  the  duodenum. 


Nerve  Influence  on  Stomach  Motions. — The  stomach 
has  nerve  connections  with  the  cerebro-sf)inal  axis  through  the 
vagi,  and  the  splanchnic  branches  of  the  sympathetic,  and  in  the 
walls  of  the  organ  itself  are  numerous  ganglion  cells.  The  sym- 
pathetic connections  do  not  seem  to  have  any  influence  on  the 
mus'cular  coats,  for  neither  their  stimulation  nor  section  has  any 
marked  effect  on  ihcir  movements.  If  the  vagi  be  severed,  stom- 
ach contractions  still  occur,  but  no  form  of  local  stimulation  pro- 
duces the  normal  gastric  motions,  even  if  the  organ  be  quite  full 
of  food,  therefore  it  would  appear  that  the  local  nerve  centres 
arc  not  sufficient  to  excite  the  normal  rhythmical  muscular  ac- 
tion. Moreover,  stimulation  of  the  cut  vagi  leading  to  the  stom- 
ach causes  active  movements  when  the  stomach  is  full.  It  is  not 
merely  the  presence  of  food  that  produces  the  movements,  as  is 
shown  by  the  fact  that  the  niotious  increase  as  the  contents  of  the 
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stomach  diminisli,  hut  conditions  inciilental  to  digestion  (hyper- 
KHiia,  etc.)  prohahly  also  act  as  n  stimulus. 

Vomiting  is  the  ejection  of  the  contents  of  the  stomacli  by 
meaii.s  of  a  cuuvulsive  action  of  the  ret^pirutory  and  abdominal 
muscleti  associated  with  an  abnormal  contraction  of  the  stomach 
wall,  which  aids  in  opening  the  cardiac  orifice  while  it  keeps  the 
pylorus  firmly  closed. 

The  act  of  vomiting  is-TDnimonly  preceded  by  (1)  a  feeling  of 
sickness  or  nau.«ea,  (2)  a  great  secretion  of  saliva,  (3)  retching. 
The  latter  consi.sts  in  a  violent  inspiratory  effort  in  the  midst  of 
which  the  root  of  the  tongue  and  larynx  are  raised  and  the  rima 
glottidi.'i  suddenly  closed  so  as  to  prevent  air  entering  the  wind- 
pipe. The  inspiratory  muscles  still  acting,  and  the  pharynx  and 
upper  part  of  the  (wophagua  being  held  open,  air  is  drawn  into 
the  gullet  and  dilates  this  tube  nearly  as  far  as  the  opening  into 
the  sloniach.  A  contraction  of  the  muscle  fibres  radiating  from 
the  a?bophugus  over  the  stomach,  then  opens  the  cardiac  orifice 
and  allows  some  gas  to  escajje.  Now  the  act  of  vomiting  is  com- 
pleted if  at  this  moment — the  mouth  and  pharynx  being  open, 
the  larynx  closed,  the  oesophagus  un  the  stretch,  the  cardiac  ori- 
fice relaxed,  and  the  pylorus  firmly  chxsed — the  expiratory  mus- 
cle* forcibly  contract,  and,  pressing  upon  the  abdominal  cavity, 
give  a  eudtlen  stroke  to  its  contents  so  as  to  empty  the  stomach. 
The  wall  of  the  stomach  also  contracts  evenly  throughout,  but 
not  with  any  forcible  anti-jn'ristaltic  action  such  as  would  greatly 
aid  in  the  operation  of  rapidly  ejecting  the  vomit.  The  chief 
object  attained  in  the  adult  by  the  action  of  the  muscular  coat 
of  the  stomach  seems  to  be  the  relaxation  of  the  cardiac  orifice. 
In  children,  when  the  fundus  is  litilo  developed,  and  the  fibres 
radiating  over  the  stomach  from  the  cei<ophagus  are  numerous  and 
strong,  the  act  of  vomiting  reciuires  less  effort  on  the  [lart  of  the 
respiratory  muscles,  the  frequent  puking  of  suckling  infants  being 
accomplished  by  the  gastric  muscle  alone.  When  the  vomit  is 
emitted,  the  hyoidcan,  laryngeal,  and  uecrk  njusclea  relax,  and 
the  air  is  forcibly  driven  out  of  the  partially  distended  lungs  so 
M  to  clear  away  any  remaining  particles  from  the  upper  part  of 
the  air-passages. 
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Vomiting  is  usually  caused  by  irritation  nf  the  stomach  itself, 
and  may  be  induced  by  either  mcchutiical,  electrical,  or  chemical 
stimulatioD  of  tbe  mucous  membrane.  In  this  way  some  emetics, 
such  as  mustard,  sulphate  of  copper,  etc.,  act.  It  may  also  be 
caused  by  intestinal  irritation,  as  when  a  hernia  is  strangulated, 
or  the  mucous  membrane  irritated  by  intestinal  worms. 

Gentle  stimulation  of  the  fauces  and  neighborhood  of  the  root 
of  the  tungue  commonly  inducas  vuniiting.  lo  tlie  early  stages 
of  pregnancy  the  unusual  condition  of  the  uterus  causes  frequent 
vomiting,  which  is  known  as  "morning  sickness."  The  irritation 
of  a  calculus  passing  through  the  ureter,  or  a,  gall-str>ne  impacted 
in  the  bite  duct,  commonly  excites  vomiting.  Injuries  of  the 
brain,  and  psychical  impressions,  particularly  those  excited  by  the 
sense  of  smell  or  uuusual  disturbance  of  equilibrium,  nmy  give 
rise  to  vomiting.  Jloreover,  a  number  of  medicaments,  as  apo- 
uiurphin,  emetiu,  etc.,  cause  vomiting  if  introduced  into  the  blood. 

From  tbe  foregoing  facts  itap]>ear3  that  vomiting  is  a  complex 
and  irregular  muscular  act,  wbich  may  be  induced  by  the  stimu- 
lation of  various  parts  of  tlie  internal  surfaces  of  the  body,  par- 
ticularly those  which  receive  branches  from  the  vagus  nerve. 

One  would  therefore  be  inclined  to  suppose  that  some  afferent 
nerve  channels  exist  in  the  vagus  which  bear  impulses  to  a  vom- 
iting nerve  centre  and  excite  it,  so  as  to  cause  it  lo  send  forth 
peculiar  and  irregular  impulses  to  the  respiratory,  gastric,  and 
other  muscles,  and  give  rise  to  their  characteristic  spasm. 

In  short,  it  would  seem  lo  be  a  reflex  act,  the  afferent  impulses 
of  which  pass  to  the  medulla  oblongata  by  the  vagus,  and  the 
efferent  impulses  are  conveyed  by  the  ordinary  spinal  nerves  to 
the  respiratory  muscles,  by  the  vagus  to  the  pharyngeal,  laryn- 
geal, and  gastric  muscles,  and  by  ihe  fifth,  seventh,  and  ninth 
nerves  to  the  palatine,  facial,  aud  hyoidean  muscles.  This  vom- 
iting nerve  centre  must  lie  in  the  medulla,  in  very  do.so  relation- 
ship to  the  respiratory  centre,  with  which  it  nearly  corresponds. 
This  centre  may  bring  about  the  whole  sequence  of  events  known 
as  vomiting  when  stimulated  either  directly  by  poisons,  contained 
in  the  blood,  iiidtrecily  through  the  vagus,  or  even  from  the 
higher  centres  by  emotions  or  ideas.     Section  of  the  vagi  renders 
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vomiting  impossible,  ns  it  cuts  off'  bolh  the  commonest  source  of 
stimulus  goiun  to  the  centre,  and  siho  ilie  important  efferent  im- 
pulses which  cause  the  mu!^cle  coat  of  the  stomach  to  contract 
and  to  open  the  (cardiac  orifice. 


■ 


Movements  of  the  Intestines. — The  muscular  coals  are 
somewhat  differently  arranged  in  the  »mnll  and  the  large  intes- 
tines, but  have  the  .«ainc  general  relation  to  each  other,  viz.,  a 
thin  longitudinal  layer  lying  externally,  next  the  serous  mem- 
brane, and  a  layer  of  circular  fibres  considerably  thicker  lying 
internally  under  the  mucous  membrane.  In  the  large  intestine 
the  external  lungitudiual  fibres  are  collected  into  three  bands 
placed  at  cijual  distances  one  from  another,  which,  being  rather 
shorter  than  the  remainder  of  the  intestine,  throw  the  interme- 
diate part  into  a  series  of  pouches. 

It  is  in  the  small  intestine  that  peristaltic  motion  of  the  most 
typical  kind  occurs.  A  wave  of  contraction  passes  from  the 
pylorus  along  the  circular  fibres,  so  as  to  look  like  a  broad  ring 
of  constriction  progressing  slowly  downwards. 

The  longitudinal  fibres  at  the  same  time  contract  bo  as  to 
shorten  the  piece  of  intestine  immediately  below  the  ring  of  con- 
striction, and  also  cause  a  certain  amount  of  rolling  movement 
of  these  loops  of  intestine  which  are  free  enough  to  move. 

This  motion  takes  place  periodically  in  proportion  to  the 
amount  and  character  of  the  contents  of  the  intestine,  the  food 
passing  over  the  raucous  membrane  being  to  all  appearance  the 
stimulus  which  normally  calls  forth  and  intensifies  the  action. 

The  activity  of  the  peristaltic  movements  varies  with  many 
circumstances  besides  the  contents  of  the  intestines.  Of  these  tlie 
most  noticeable  is  the  amount  and  character  of  the  blood  flowing 
through  the  vessels  of  the  intestinal  wall.  Thus  stoppage  of  the 
blood  current  by  tying  the  arteries  or  deficiency  of  oxygen  and 
excess  of  carbonic  acid-causes  inordinate  activity  of  the  peristaltic 
action.  Direct  irritation  of  the  serous  surface  of  the  intestine, 
with  mechanical,  chemical,  or  electrical  stimuli  causes  also  in- 
crease in  the  movements  of  the  intestine. 

The  great  activity  of  the  motion  observed  when  the  abdominal 
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cavity  of  a  recently  killed  animal  is  openeel  depends  partly  on 
the  exposure  to  cool  air,  and  partly  on  the  venous  character  of 
the  blood  in  the  vessels  no  longer  oxidize<l  by  respiration. 

The  irregular  and  im(ietuous  action  of  the  intestine  vfhich 
follows  the  constriction  or  strangulation  of  a  hernial  protrusion, 
chiefly  depends  on  the  mechauiciil  effect,  but  also  is  probably 
intimately  related  to  the  interference  with  the  blood  supply  con- 

Fio.  55. 


Diugram  of  a  longiuiiliiml  .--etliyii  ul  Uie  w;ill  u(  llie  aiuull  itileslinc. — a. 
Villi,  h.  Lielwrkiilin's  glands,  c.  Muscularis  niiic&sic,  below  wliicli  lies 
Aiierbach's  nerve  plexus,  d.  Connective  tissne  in  which  many  Ulootl  unci 
lyruph-vcssels  lie.  f.  Circular  muscle  fibres  cut  across,  with  Meissncr's  nerve 
plexus  below.    /.  Longitudinal  uiusclu  fibres.    //.  Serous  coat. 

sequent  on  the  pressure  exerted  by  the  constricting  band.  Pro- 
longed over-work  often  induces  immobility  of  the  intestinal  wall, 
and  hence  we  find  the  purging  and  vomiting,  which  accompany 
a  temporary  hernial  constriction,  ibUowed  liy  inability  of  the 
intestine  to  propel  its  conteul.'i.  These  points  have  also  been 
proved  by  results  of  experimeuls  on  the  lower  animals. 

The  movement  of  the  large  intestines  are  the  same  as  the  small, 
but  not  so  obvious,  owing  to  the  mod  Hied  sacculated  shape  of  this 
part  of  the  alimentary  canal.  The  coutractious  of  the  colon  begin 
at  the  ilco-ctecal  valve  where  the  peristaltic  wave  of  the  ileum 
ceases.  The  normal  iutestitial  motions  thus  pass  in  an  almost 
uniulerrupted  wave  from  the  pylorus  to  the  end  of  tlie  gut,  but 
when  special  sources  of  irritation  exist,  a  wave  may  originate  in 
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almost  any  iDtermediate  part  of  the  intestine.  A  reversed  "anti- 
peristaltic motion,"  as  it  is  called,  only  occurs  as  a  result  of  some 
intense  local  stimulation,  such  as  the  strangulation  of  a  hernia,  etc. 

The  motion  produced  by  the  substances  contained  in  the  intes- 
tine depends  on  their  character.  The  solid  parts  excite  more 
rapid  movements,  and  the  more  fluid  portions  but  slightly  influ- 
ence the  intestinal  peristalsis. 

Thus  the  solids  which  make  their  way  through  the  pylorus  are 
seldom  to  be  found  in  the  jejunum,  no  matter  at  what  period  after 
a  meal  the  animal  be  killed,  whereas  the  folds  of  the  mucous  mem- 
brane are  always  bathed  iu  a  fluid  creamy  material  during  the 
entire  [tcriod  of  digestion,  and  even  for  a  considerable  time  after 
all  the  food  has  left  the  stomach. 


Mechanism  of  Defiecation. — This  is  a  point  of  much 
importance,  for  the  evacuation  of  the  lower  bowel  is  intimntt'ly 
connected  with  feelings  of  comfort  and  health,  and  the  instiring 
of  its  accomplishment,  iu  illness,  forms  an  essential  part  of  the 
physician's  duty. 

The  movements  of  the  intestine  cause  the  various  excretions 
and  indigestible  parts  of  the  food  to  pass  towards  the  sigmoid 
flexure  of  the  colon,  where  their  onward  motion  is  checked  for  a 
time  by  the  strong  circular  muscle  of  the  rectum  (called  the  su- 
perior sphincter,  or  tertius  by  Hyrtl),  which  does  not  carry  on  the 
peristaltic  wave.  The  materials  here  get  packed  into  a  more  or 
less  solid  mass,  which  is  gradually  augmented  after  each  meal. 

The  lower  outlet  of  the  alimentary  canal  is  closed  by  two  distinct 
sphincter  muscles.  One  thin  external  superficial  muscle,  niiide 
up  of  striated  fibres,  belongs  to  the  perineal  group,  and  has  little 
influence  on  the  closure  of  the  anus.  The  deep  or  internal  sphinc- 
ter, which  is  much  stronger,  surrounds  the  gut  for  rather  more 
than  an  inch  (3  centimetres,  Heule)  in  height,  and  is  one-quarter 
inch  thick.  It  is  made  of  smooth  muscle,  and  therefore  capable 
of  prolonged  (tonic)  contraction.  It  wouUI  Jippear,  however,  that 
this  strong  sphincter  is  a  aujwrnumerary  guard  to  the  anal  orifice, 
which  is  but  rarely  culled  into  action,  for  during  the  interval  of 
reel  between  the  acts  of  defiecation,  the  fieces  do  not  come  in  con- 


120 


MANUAL   OP   PHYSIOLOGY, 


tact  with  the  portion  of  intestine  surrounded  by  tliis  muscle.  The 
rectum  fijr  (juite  one  inch  above  the  8[)l)incter  is  iierfectly  empty, 
l)eitig  kept  free  from  fiecuient  particles  partly  hy  a  fohl  of  the  in- 
teatinal  wall,  and  partly  by  the  repeated  action  of  the  voluntary 
muscles  in  the  neifrbiiorliood,  which  by  intensifying  the  angle  that 
exists  at  this  point,  and  flattening  this  inch  of  rectuin,  can  squeeze 
back  the  approaching  matters.  Anyone  familiar  with  the  digital 
examinntiuti  of  the  unevacuated  rectum,  knows  that  no  ftcces  arc 
met  with  for  about  tvvo  iuches. 

Considerable  accnniulatioo  may  take  place  in  the  sigmoid  flex- 
ure without  much  discomfort  ensuing,  but  when  the  rectum  is  dis- 
tended, an  urgent  sensation  of  wanting  to  empty  it  is  experienced, 
and  the  vohititary  movements  mentioned  above,  are  performed  by 
the  levator  ani  and  the  neighboring  perineal  nauscles,  with  the 
object  of  preventing  any  substance  reaching  the  part  of  the  rectum 
immediately  above  the  sphincter. 

If  the  rectum  he  distended  with  fluid,  the  occasional  anal  eleva- 
tion does  not  suffice  to  keep  it  back,  and  a  continuou.^  and  com- 
bined action  of  the  sphinctere  and  levator  ani,  etc.,  is  necessary  to 
ward  off  the  expulsion  of  the  contents. 

When  the  lower  bowel  is  habitually  emptied  at  the  same  hour 
daily — a  habit  wliich  should  be  carefully  exercised — the  sensations 
of  requirement  to  go  to  stool  occur  with  great  punctuality,  or  can 
be  readily  induced  hy  the  will,  so  that  normal  defecation  is  re- 
puted to  be,  and  practically  is,  a  voluntary  act.  But  not  com- 
pletely so,  for  somewhat  like  swallowing,  the  later  stages  of  defie- 
cation  consist  es.«entially  of  a  .series  of  involuntary  reflex  events 
which  we  can  initiate  by  the  will,  but  when  it  is  once  started,  are 
powerless  to  modify  until  the  reflex  sequence  is  completed. 

Under  ordinary  circumstances,  the  evacuation  of  the  fiecea  is 
commenced  by  the  voluntary  pressure  exercised  on  the  abdominal 
contents  by  the  respiratory  muscles.  The  diaphragm  is  depressed, 
the  outlet  of  the  air  pn-ssagea  firmly  closed,  and  the  expiratory 
muscles  thrown  into  action,  while  at  the  same  moment  the  muscles 
which  close  the  pelvic  outlet  relax,  and  allow  the  anus  to  descend, 
so  that  the  inferior  angle  of  the  rectum  is  straightened  and  a  vol- 
untary inhibition  of  the  sphincter  is  brought  about.     This  volun- 
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tary  expiratory  cBi>rl  seldom  rei)uii-cs  to  l)e  continued  for  more 
than  three  or  lour  seconds  before  some  ftecal  matter  reaches  the 
part  of  the  rectum  just  above  the  sphincter.  When  this  has  oc- 
curred, uo  further  ahdoniinal  pressure  is  necessary  (except  when 
the  masses  of  Awes  are  large  and  hard),  for  the  local  stimulus 
starts  a  series  of  reflex  acts  which  carry  on  the  operation.  These 
consist  of  an  increased  peristaltic  contraction  of  the  colon  and 
sigmoid  flexure,  the  waves  of  whicli  ])flss  along  the  ret'tum.  These 
waves  are  accompanied  by  syuchronoiis  rliythmieal  relaxation  of 
the  sphincter,  which  replaces  its  nornnl  condition  of  tonic  con- 
traction. 

The  effect  of  the  voluntary  effort,  and  the  amount  of  the  ab- 
dominal pressure  required,  depend  upon  the  consistence  of  the 
fceoes.  When  quite  fluid,  they  constantly  tend  to  come  in  eon- 
tact  with  the  sensitive  point  of  the  rectum,  and  a  voluntary  cflljrt 
is  required  to  prevent  the  reflex  series  of  events  from  taking 
place,  a  momentary  relaxation  of  the  sphincter  with  voluntary 
abdominal  pressure  is  suflScient  to  eject  the  couteots  of  the  bowel. 
On  the  other  hand,  when  the  Acces  are  firm,  lime  is  required  in 
order  that  the  slowly  acting  smooth  muscle  may  pass  the  niaj>8 
onward.  In  common  constipation,  the  difficulty  is  to  get  the 
solid  mass  down  to  the  sensitive  exciting  point,  in  which  case  a 
few  drachms  of  warm  fluid,  used  as  an  enenm,  may  awaken  the 
necessary  reflex  movements. 


Nervous  Mechanism  of  the  Intestinal  Motion. — 

Many  points  in  the  nervous  control  exerted  over  the  intestinal 
muscles  are  obscure.  We  know  that  iiUestiuul  movements  which 
are  jieristaltic  in  their  nature  occur  in  a  portion  of  intestine  re- 
moved from  the  body,  and  thus  separated  from  all  central  nerv- 
ous control.  We  know  also  that  there  are  abundant  nerve  ele- 
ments iu  the  walls  of  the  intestines  which  have  all  the  characters 
of  ganglion  cells,  and  therefore  probably  act  as  nerve  centres. 
(Figs.  56,  57.) 

With  regard  to  these  local  nervous  agencies,  anatomists  have 
made  out  two  distinct  sets,  both  of  which  have  the  form  of  a  net- 
work of  nerve  tibrils  studded  with  cell  elements  at  their  nodal 
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points.  One  of  these,  a  closely  meshed  plexus  with  flattened 
cords  aud  jranglionic  masses  at  their  points  of  unioujies  between 
the  longitudinal  and  circular  layers  of  muscle  (Figs.  56,  57) 
forming  the  plfTus  mtjentcrirux  exterior  of  Aucrhach,  and  most 
likely  has  to  do  with  the  movements  of  these  layers  of  muscle. 
The  other  lies  internal  to  the  circular  muscle,  in  close  relation  to 
the  muscularis  mucosa,  and  is  called  the  plexxu  myetiterieut  in- 


Fia.  56, 


Fio.  57. 


Fio.  56. — Aiierltiicli's  })lexii!<  from  beHveon  llic  imisrle  coats  of  llie  in- 
lexlinc,  with  low  power. 

Fio.  57. — A  noilal  point  of  Aiierbacli's  plexus  under  high  power,  show- 
ing the  nerve  cells. 


of  Meissner ;  the  meshes  of  which  are  looser  and  more 
irregular,  and  the  cords  and  ganglia  more  rounded  and  finer  than 
those  of  Auerbach's  plexus.     (  Figs.  58,  59.) 

The  blood  flowitig  through  these  nerve  centres  in  all  probability 
acts  as  a  sufficient  stimulus  under  ordinary  circumstauces,  to  pro- 
duce some  peristaltic  motions,  and  hence  we  may  say  lliat  they 
are  automatic.  When  food  coraes  into  the  intestine  it  increases 
the  flow  of  blood,  as  well  as  nicchaiiically  irritating  the  intestinal 
wall.  The  intestinal  vessels  remain  engorged  so  long  as  the  pro- 
cess of  digestion  goes  on.  Food  seems  to  act  more  efTectually 
than  insoluble  mechanical  stimuli,  for  when  insoluble  substances 
are  placed  in  the  gut,  they  at  fir;«t  call  forth  active  movements; 
but  these  do  not  last  long,  for  tlie  stimulus  is  not  of  itself  ade- 
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quale  to  excite  prolonged  action,  except  it  be  associated  with 
continuing  congestion  dependent  upon  other  causes,  such  as  the 
vaso-niotor  changes  accompanying  the  general  digestive  process, 
and  ihe  a()sor[)titin  of  the  prepared  food-stufls. 

With  regard  to  the  influence  of  other  nerves,  it  seems  to  bfl 
admitted  on  all  sides  that  the  vagus  acts  as  an  exciting  nerve, 
since  stimulation  of  its  peripheral  part  causes  increased  action, 
and  it  is  probable  that  its  great  efl'ereiit  channel  for  impulses  ia 
reflected  through  the  brain. 

On  the  other  hand,  the  splanchnic  nerves,  which  come  from 
the  thoracic  sj-mpatlietic,  are  said  to  he  itdiibitors  of  the  myen- 


Fio.  58. 


Fki.  o'J. 


Fio.  58. — Meissner'u  plexus,  low  power. 

Flo.  59. — Meiwner's  ploxtis  (hig)i  power),  showing  cells  grouped  at  nodal 
points. 

tcric  plexuses.  This  may  be  explained  by  their  effect  on  the 
small  vessels — which  they  no  tlnubt  control — causing  a  change 
in  the  blood  sup|)ly.  Be  this  as  it  may,  the  splanchnic  seem  to 
have  considerable  influence  on  the  intestinal  movements.  When 
stimulated  they  commnnly  check  the  intestinal  motions,  but  may 
sometimes  (as  when  the  movements  have  ceased  after  death),  give 
rise  to  new  movements. 

On  account  of  this  double  action,  it  has  been  said  that  there 
are  two  kinds  of  fibres,  (1)  inhihitin;.',  wliich  are  easily  excited, 
ami  during  life  have  greater  itifiueiice,  and  (2),  exciting,  which, 
though  less  excitable,  retain  their  irritability  longer. 
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However,  most  of  these  effects  may  be  explained  by  referring 
them  to  vaso-niotor  cliunge?. 

With  regard  to  defu«catinn,  we  know  ihnt  a  nerve  centre  exists 
in  tho  itimbar  portion  of  llie  spinal  cord,  which  governs  the 
sphincter,  and  seema  to  keep  up  its  tonic  contraclion.  This 
centre  may  he  eilher  excited  to  increased  action  or  inhihited,  by 
peripheral  stimuli  or  by  centrnl  influences  from  the  brain. 

Thus  the  local  application  of  warmth  causes  iuhihition  of  the 
centre,  and  iherehy  relaxation  of  the  sphincter,  while  cold  gives 
rise  to  increased  central  action,  causing  contraction  of  the  sphinc- 
ter muscle  (a  point  to  be  remembered  when  examining  or  op- 
crating  within  its  grasp).  Besides  the  voluniary  variations  which 
we  can  bring  about  in  the  activity  of  this  lumbar  centre,  many 
other  central  influences,  such  as  emotions,  may  operate  upon  it. 
Thus  terror  inhibits  the  centre,  and  loosens  the  spbiocter  inde- 
pendently of  our  will. 


CHAPTER  VII. 


MOUTH  DIGESTION. 


Fir>.  fiO. 


I  The  cavity  of  the  mouth  is  lined  by  a  bright  red  mucous  mem- 

I  brane,  which  is  i-ontiuuous  with  tiie  »kin  at  the  lips.     It  VHries 

f  in  structure  in  diflerent  parts  of  the  buccal  cavity,  and  in  its  gen- 

eral construction  more  resembles  the  outer  covering  of  the  body 
than  the  raucous  membrane  lining  the  alimentary  tract.  It  con- 
sists of  (1)  a  superficial  part  composed  of  thick  stratified  epithe- 
lium, the  upper  cells  of  which  are  flat,  scaly,  and  tough,  and 
are  placed  horizontally,  while  in  the  dee]>er  ones  the  cells  are 
soft,  rounded  or  elongated,  having 
their  long  axis  perpendicular  to 
the  surface  ;  and  (2)  a  deeper  part 
composed  of  fibro-elastic  tit-sue, 
which,  over  the  alveoli  of  llio 
teeth,  is  amalgamated  with  the 
periosteum  and  forms  the  dense 
tough  gums. 

The  raucous  membrane  of  the 
mouth  is  covered  with  papilhc, 
which  on  the  dorsum  of  the  tongue 
attain  great  magnitude  and  va- 
riety of  shape  aud  e[)ithelial  cov- 
ering.    In  man,  three  kinds  are 

described:  (I.)  Narrow  fiointed, ^^/i/orm.  (2.)  Blunt  and  ulublu'd 
at  the  apex,  fun gifonn.  (3.)  Broud  complex  papiihe,  surrounded 
by  a  fo-osa,  circumvallate,  of  which  there  are  but  a  limited  num- 
ber (about  a  dozen). 

The  special  secreting  organs  or  glands,  which  pour  their  juices 
into  the  mouth,  have  all  the  same  general  typo  of  structure, 
though  they  vary  much  in  the  detail  aa  to  the  variety  and  char- 
acter of  their  cells.    They  are  known  as  the  acinoiu  or  meeulated 


Diugriini  tnkcii  frmii  a  miiiuII 
portiun  of  MiociilttteiJ  glaiiil  tVoiii 
Cuckroovh,  allowing  lirnnchiiig 
cliirl  and  snocules. 
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glaiuls,  frcmi  their  being  made  up  of  numerous  acini,  or  iiiiiuite 
elotigated  Baes  or  tubules,  iirranged  at,  the  end  of  a  repeatedly 
braiH'liing  duet,  like  j^rapes  uii  liie  leniiiiials  of  the  siiccesxive 
liule  branches  }:rowiii<;  I'rnm  the  central  stiilk  to  tonii  a  bunch, 
lu  the  glands  ibe  saccules  are  packed  together  closely  arouod 
the  duct,",  and  by  mutunl  pressure  are  made  to  assume  various 
sha|)e8.     The  wall  of  the  saccule  is  formed  of  a  very  delicate 


Section  of  the  Submaxillary  (ilanil  or  tlie  Doy,  sliuwing  Uie  t-onuDomf- 
mPDl  of  a  duct  in  the  alveoli,  x  •IZ-i.  (Schiifer.) — n.  One  of  the  a!v(M)li, 
scvernl  being  groiippd  round  tlie  diictlet  (d').  b.  ItnscineiU  intmbmne  in 
oeclion,  d.  Larger  duct  witli  c(>)innii;»rci>illiBrmin,  ».  Hulf-tiiooti  Kroiipof 
cells. 


clear  tran-^pareiit  membrane,  nn  the  out.*idc  of  which  are  nuiuer- 
ous  flattened  branching  stellate  cells,  the  branches  of  which 
anastomose  one  with  another,  and  appear  also  to  penetrate  the 
membrane  in  oi'der  to  reach  the  inside  of  the  acini. 

The  cavity  of  the  little  sacs  is  almost  completely  lilled  with 
large  polygonal  (jlatid-eelLi,m  that  only  a  very  narrow  space  exists 
iu  the  ceatre.    (Fig.  61.)   From  thiaepace,  there  is  free  coinrauni- 
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cation  to  the  main  duct  of  the  gland  by  means  of  the  proper  ductlet 
ol"  each  saccule.  In  the  saccules  of  some  glauils,  the  su-called 
mucoUR  salivary  glands,  another  kind  of  cell  element  is  seen 
between  the  gland  cells  just  described  and  the  wall  of  the  car, 
their  outer  side  following  accurately  the  concave  boundary  uf  the 
saccule,  their  inner  side  impinging  upon  the  gland  cells.  They 
thus  acquire  a  more  or  less  half-moon  shape.  Tbeae  demilune 
colls  will  be  again  referred  to  (page  138). 

Between  the  saccules  are  uunicrous  bloodvessels  which  branch 
and  form  n  network  of  capillaries  on  the  outside  of  each  little  sac. 


A  ilifwCTlioiiof  iliPHiile  of  ihc  face,  sliowing  the  Salivary  (lliind.'i. — n.  Sub- 
lingual ^Iniiil.  h.  Siiliiiiaxilliiry  glandti  with  tlii-irdiictKopcniiiK  nn  llie  tiour 
of  llie  iiiiiiitli  lic'iii.'nlli  llie  tongue  at  (/.  e.  I'arotid  gland  uiul  ilH  diirl, 
which  <>]ieiu)  on  the  inner  side  of  the  cheek. 


Numerous  nerves  are  also  found,  which,  according  to  some  ob- 
servers, have  ganglionic  cell-connections  in  the  gland  substance, 
and  send  terminals  into  the  gland-cells  direct. 

Although  this  account  of  the  nerve  terminations  in  the  secreting 
cells  of  other  glands  has  met  with  doubt,  it  is  certain  that  in  the 
lower  animals  nerve  terminals  have  been  traced  into  ghind-cells, 
and  upon  physiological  grounds,  as  will  presently  appear,  we  are 
forced  to  believe  that  a  similar  connectiim  rnu.st  exist  in  uiummalia. 

The  duets  are  lined  with  ordinary  cylindrical  epithelium  which 
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does  not  appear  to  have  any  secreting  fviDctimi.  All  the  glan< 
are  made  uj)  of  uiimerous  packets  of  luliiiles  btiiiiKl  together  in 
one  mass.  Kacb  of  these  lobules  is  itself  a  perfect  gland,  so  that 
even  the  smaller  mouth-glands  are  separable  into  lobules,  and 
hence  are  called  compound  acinous  glunds. 

The  mouth-glands  are  divided  into  two  sets,  which  produce 
different  kinds  of  secretion  :  (1.)  Mucuug  glandu,  which  secrete 
jnttciM,  and  (2.)  Salifary  glands,  which  produce  watery  mliva' 
The  functional  distinction  id  seldom  absolute,  for  most  salivary 
glands  have  a  mixed  secretion,  ai)d  various  gradations  of  the 
transition  from  purely  salivary  to  purely  mucous  glands  can  be 
made  out. 

The  proper  mticotis  gland*  are  small,  varying  in  size  from  a 
pin's  head  to  a  pea.  They  are  found  in  groups  under  the  mucous 
mertibrane  iu  various  parts  of  the  tnuuth,  and  fnini  their  posit.ion.< 
arc  called  labial,  buccal,  etc.  Their  c«ll8  contain  a  clear  muci- 
ginous  substance. 

The  great  Salivary  glandt  are  the  three  large  glands  which  are 
known  as  the  parotid,  submaxillary  and  sublingual.  On  account 
of  their  great  size  they  form  etriking  anatomical  objects,  being 
large  masses  of  irregularly  arranged  glandular  packets,  which 
might  be  spoken  of  as  Uibes  to  distinguish  tlii-ni  from  the  smaller 
packets  or  lobules.  Their  ducts  are  of  considerable  size,  and 
have  strong  walls  made  of  dense  fibrous  tissue,  coutainiug  many 
elastic  fibres,  and  in  one  of  them,  the  submaxillary,  smooth  mus- 
cle tissue  has  been  demonstrated. 

The  parotid  duct  (Kteuo's)  opens  into  the  mouth  about  the 
middle  of  the  cheek  just  opposite  the  second  molar  tooth.  The 
submaxillary  has  also  a  single  duct  (Wharton's)  wliich  opens 
beneath  the  tongue  be.iiiie  the  friBuuin.  The  sublingual  gland 
has  several  ducts,  some  of  which  open  into  that  of  the  submaxil- 
lary, and  olliers  unite  to  enter  the  moulh  bc-ide  Wharton's  duct. 

In  different  animals  and  in  different  glands  of  the  same  animal 
a  variable  amcmut  of  mucus  is  secreted,  by  these  glands,  which, 
however,  are  all  called  salivary,  though  the  parotid  alone  de- 
serves the  name. 
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The  Characters  of  Mixed  Saliva. 
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^H        Tbe  liquid  it)  the  luoulh  is  a  mixture  of  tho  secretion  of  the 
W         salivary  glaiuJs  as  well  as  of  the  small  |>urely  muuonri  glatuls. 
I  It  is  a  slightly  turbid  tasteless  fluid  of  a  distiucily  alkaliue 

reaction,  of  1004-1008  specific  gravity,  and  so  tenacious  that  it 
can  be  drawn  into  threads.  The  amount  secreted  by  ati  lulult 
human  being  during  twenty-four  hours  varies  greatly  according 
to  circumstances,  and  has  been  variously  estimated  by  different 
authors,  by  whom  the  wide  limits  of  200-2000  grras.  (7-70  oz.) 
^^     have  been  assigned  as  the  daily  amount. 

^H  The  saliva  contains  about  5  per  cent,  of  solids.  Of  these  the 
^^  greater  part  are  organic,  namely  :  (1.)  Jluciii,  from  the  submax- 
I  illary,  subliuguul,  and  small  mucous  glauds,  which  can  be  pre- 

cipitated by  acetic  acid.  To  this 
eubetauce  the  viscidity  of  the 
saliva  is  due.  (2.)  Traces  of  al- 
bumin precipitable  by  concen- 
trated nitric  acid  aud  boiling 
(3.)  Traces  of  globulin,  precipi- 
tated by  carbonic  acid.  (4.)  /-Vy- 
alin,  a  peculiar  ferment. 

The  inorganic  constituents  are 

salts,  among  which  au  iiicoustant  „.    ,         ,             ,          .     . 

,                           ,    ,  The  forni  elemcntH  from  mixed 

amount  of  potassium  su)pho-cya-  ...       ,■      ,•■             •      • 

»                          '          ■'  snhvit  from  (!(>  nl  Icuigue,  Kiiowuig 

nate  is  found,  a  substance  which    (,,  j^^ge  irrcgulur  !«-uly  epithelial 

does  not  exist  in  the  blood.  i-ella,  (r)  muna  salivary  c-orpiwclwi. 

There  are  also  raauy  tuorpho-  aeveral  (6)  buoierin,  uuil  (m)  mi- 
logical  elements:  of  these  the  ma-  rroc<K-ci. 
jority  are  accidental,  being  the  re- 
mains of  food,  etc. ;  others  are  more  or  less  characteristic,  namely  : 
(1.)  Salivary  corpuscles  which  are  rounded  protoplasmic  masses 
containing  nuclei  and  coarse  granules  which  show  Browniau 
movements.  (2.)  Epithelial  scales  from  the  surface  of  tho  mu- 
cous membrane  of  the  mouth.  (3.)  Various  forms  of  protophyta, 
which  propagate  readily  amid  the  decaying  particles  of  food  iu 

II 
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the  nioiith,  Btit  no  bacteria  or  other  fungi  exist  in  the  ducts  of 
the  glamJs  or  saliva  (akeu  Crom  the  ducts  with  the  necessary 
aseptic  prerautions. 

The  ordinary  raised  saliva  may  be  easily  collected  by  chewing 
some  insohible  material,  such  as  a  bit  of  rubber  tubing,  and  col- 
lecting the  fluid  which  the  motioD  causes  to  be  poared  into  the 
mouth. 

The  collection  of  the  secretion  of  the  different  glands  requires 
more  delicate  methods.  It  may  be  collected  separately  by  placing 
a  canula  in  the  duct  of  each  gland. 

The  parotid  saliva  obtained  in  this  way  is  found  to  have  no 
structural  elements  nor  mucus,  and  is  a  tliiii  tluid  dropping  easily, 
and  not  capable  of  being  drawn  into  threads.  It  contains  some 
serum  albumin  and  globulin,  potassium  sulpho-cyanate,  and  pty- 
alin.  The  portion  first  secreted  is  commonly  acid,  and  it  never 
becomes  strongly  alkaline.  Its  specific  gravity  is  1003-1004.  Ou 
standing  it  becomes  turbid  frons  the  precipitation  of  carbonate  of 
lime,  which  existed  a^  bicaibouate. 

The  submaxillary  secretion  is  more  strongly  alkaline  thau  that 
of  the  parotid  ;  it  contains  structural  elements  and  mucin,  but  is 
not  so  viscid  as  the  general  raonth-fluid. 

The  sublingual  is  much  more  viscid  than  either  of  the  others, 
and  is  more  strongly  alkaline,  and  contains  much  inucus'aiid 
many  salivary  corpuscles. 


The  Method  of  Secretion  of  Saliva. — Under  ordinary 
circum-stanees  very  little  saliva  is  .secreted,  only  sufiicicnt  being 
poured  into  the  mouth  to  keep  tlie  surface  moist.  When,  however, 
food  is  introduced  into  the  mouth,  and  the  process  of  mastication 
commences,  the  secretion  goes  on  more  or  less  rapidly,  according 
to  the  stimulating  or  non-stiniulaling  character  of  the  food. 

The  activity  of  a  salivary  gland  is  at  once  brought  about  by 
means  of  special  nervous  agencies  when  a  stimulus  i.s  applied  to 
the  mouth.  We  know  that  the  nervous  mechanism  wiih  which 
we  have  here  to  do,  is  what  is  called  a  reflex  act.  The  stimulus 
travelling  from  the  surface  of  the  mouth  (o  the  nerve  centres  ia 
reflected  thenc*  to  the  glands.      We  speak,  then,  of  afferent 
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nerves,  which  carry  tlie  impulses  towards  the  centre,  and  efierent 
nerves  which  carry  theiu  I'mm  the  centre. 

If  we  review  the  ordinary  circumstaDcea  giving  rise  to  a  flow 
of  saliva,  there  will  be  no  difficulty  in  deterrainiug  the  nerves 
which  act  a;s  the  afl'ereut  chauuels  iu  the  simple  reflex  act. 
I  Stimulation  of  the  mucous  membraue  of.the  tongue  and  mouth, 
whether  choinicrtlly,  as  with  irritating  condinieuts,  or  mechani- 
cally, as  by  the  motions  of  mastication,  h  generally  transmitted 
to  the  centre  by  the  sensory  braQclie.s  of  the  fifth  cranial  nerve, 
which  supply  the  mouth,  and  by  the  branches  of  the  glosso- 
pharyngeal. 

The  stimulus  of  the  sense  of  taste  is  sent  by  the  nerves  of  tliat 
sense,  mainly  the  glo.«.90-phan,-ngeal,  to  the  taste  centre  in  the 
cortex  cerebri,  and  from  thence  to  the  secreting  centre  by  means 
of  intercentral  libra". 

The  stimulating  of  the  olfactory  region  with  certain  odors  in- 
duces salivation  through  a  channel  of  a  similar  kind  passing 
along  the  olfactory  nerve  to  the  brain,  and  thence  to  the  special 
salivary  centre.  Even  in  the  absence  of  taste  or  smell,  mental 
emotion  may  be  excited  by  seeing  or  thinking  of  food,  and  may 
cause  activity  of  the  salivary  glands,  here  the  inter-central  chan- 
nel is  the  only  one  occupied  in  bearing  the  impulse  to  the  special 
secreting  centre. 

Irritation  of  the  gastric  mucous  membrane  stimulates  the  sali- 
vary glands  as  may  be  seen  with  a  gastric  fistula,  or  by  the  sud- 
'den  flow  of  saliva  which  commonly  precedes  vomiting.  In  thia 
case  the  impulses  are  carried  by  the  gastric  bmuches  of  the  vagus. 

The  slimuhition  of  the  central  end  of  the  cut  sciatic  is  said  to 

use  an  increase  iu  the  flow  of  saliva,  so  that  it  would  appear 

that  even  an  ordinary  sensory  nerve  can  excite  the  centre  to  ac- 

ion.   Lastly,  many  drugs,  when  introduced  into  the  blood,  cause 

flow  of  saliva,  among  these  are  pilocarpin,  physoslignia,  and 
curare,  while  atropia  and  some  others,  on  the  other  hand,  check 
the  action  of  the  glands. 

\  From  this  we  learn  that  the  nerve  centre,  controlling  the  ac- 
tivity of  the  8ali%'ary  glands,  may  receive  impulses  from  many 
dislaut  and  diverse  uervoui*  sources,  or  may  be  influenced  directly 
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by  the  quality  of  the  blood  flowing  through  the  special  nerve 
centre  itself'. 

The  chaunelB  traversed  by  the  efferent  impulses  going  to  the 
salivary  gluridM  hsive  beeu  riemonstrnted  by  ex|)erin>eiit.  In  the 
case  of  llie  submaxillary,  the  route  is  ei^peciiiUy  distinct  and  in- 
Btructive,  so  that  from  this  gland  we  obtain  most  of  our  knowl- 


Fio.  64. 


Diagram  of  Nerves  of  the  Submaxillarv  Glautl.  The  dark  lines  show 
the  course  of  llu'  iiervwi  going  to  tlie  fjlanil. — (vii.)  I'ortio  dura ;  (v.)  Infe- 
rior niiixiiinrv  iliviiiiuii  of  tlie  liftli  cranial  nerve;  (o)  Subinaxiilury  gnn- 
glion;  (s)  Sympathetic  round  facial  arlt'ry  (A);  (s.  c  o.)  Superior  cervical 
ganglion. 

edge  concerning  the  direct  influence  of  nerve  impulses  on  the 
gland  cells.  This  question,  tliorcfore,  will  ijc  treated  somewhat 
in  detail. 

There  are  two  sets  of  nerves  going  to  the  salivary  glands,  one 

belonging  to  the  gympathclic  and  ihe  other  to  the  eerebro-iipinal 

f  systems,  both   uf  which  have  been  proved  to  exert  a  certain 

amount  of  influence  on  the  action  of  the  glands,  the  share  taken 

by  each  apparently  differing  in  different  animals. 
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The  Byni pathetic  branches  for  the  submaxillary  and  sublingual 
glaud  come  from  the  plexus  which  embraces  the  facial  artery, 
those  for  the  parotid  come  from  the  plexus  surrounding  the  in- 
ternal maxillary  as  that  artery  traverses  the  gland.  Both  of 
these  nervous  plexuses  are  derived  from  the  superior  cervical  part 
of  the  sympathetic  nerve. 

Fro.  C5. 


Diagnuo  of  Ni>rv(!«  supplying  the  Parotid  Gland.  Tlic  dark  lines  indi- 
cate the  course  of  the  nerves  of  the  gland. — (v.)  Inferior  division  of  llflh 
nerve  and  iu  (a  t)  auri<'ulo-teui|)oraI  branch,  (vil.)  IVirUo  dura.  fs.  c.  ci.) 
Superior  cervical  ganglion  liending  a  branch  to  the  carotid  plcx)i8  around 
tlie  artery. 


The  cerebro-spiual  fibres  for  the  submaxillary  and  sublingual 
glands  lie  in  the  complex  nerve  known  as  the  chorda-tympaui, 
which  coraes  from  the  portio  dura  of  the  seventh,  and  joins  the 
lingual  branch  of  the  fifth.  They  pass  theuce  through  the  sub- 
maxillary ganglion  to  the  glands. 
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Tlie  cerebro-spinal  parotid  branches  pass  through  the  lesser 
superficial  petrosal  nerve  from  the  tympanic  plexus  to  the  otic 
ganglion,  and  thence  to  the  auriculo-temporal  uerve  nhich  sends 
twigs  to  the  gland.  (Fig.  65.) 

I. — The  eCTeets  of  experinaental  stimulation  of  the  cerebro-npinal 
glandular  branches,  so  far  as  we  know  are  alike  for  all  the  gland?. 
But  owing  to  the  greater  facility  with  which  the  subtna-villary 
gland  can  be  reached  and  its  nerve  isolated,  research  has  been 
chiefly  devoted  to  it,  by  operating  on  the  chorda  tympani  and 
the  other  nerves  supplying  the  gland. 

It  bfis  been  found  that  section  of  this  nerve,  or  of  the  portio 
dura  near  its  origin,  removes  the  possibility  of  exciting  the  glands 
to  action  by  stimulating  the  mouth,  so  that  the  cerebro  spinal  and 
not  the  sympathetic  are  the  channels  traversed  by  the  reflected 
iujpulse  on  its  way  to  the  gland  from  its  centre. 

The  reflex  stimuli  which  were  supjvosed  to  be  elicited  through 
the  medium  of  the  subiuaxillai-y  ganglion,  probably  depended 
on  the  escape  of  ibe  stimulating  electric  current  used,  and  the 
reflection  from  a  sporaditf  ganglion,  such  as  the  submaxillary, 
has  never  been  satisfactorily  demonstrated. 

It  has  further  been  s-hown  that  direct  stimulation  of  the  chorda 
tympani  nerve,  although  it  be  cut  olf  from  its  central  connections, 
causes  a  copious  secretion  of  thin  watery  saliva,  and  this  increased 
secretion  is  accompanied  by  a  great  dilatation  of  the  small  arte- 
ries going  to  the  gland,  so  that  a  pulsation  may  be  seen  in  the 
small  veins,  and  the  blood  retains  its  bright  arterial  color  when 
leaving  the  organ. 

These  two  chief  results  of  stimulation,  adiviUj  of  the  secreting 
cflh  and  vascular  dilatation,  are  brought  about  by  different  nerve 
agencies,  as  appears  from  the  action  of  atropia  which  stops  the 
secretion  of  saliva,  but  does  not  prevent  the  dilatation  of  the 
vessels  on  stimulation  of  the  chorda  tyraj)ani,  from  which  we 
conclude  that  its  effect  is  restricted  to  a  mechanism  engaged  ex- 
clusively in  controlling  the  activity  of  the  gland  cells. 

Stimulation  of  the  chorda  tympani  causes  the  secretion  to  be 
carried  on  with  great  energy.  The  fluid  was  found  to  enter  the 
duct  with  a  pressure  equal  to  200  ra.m.  (about  8  inches)  of  mer- 
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cury,  while  the  bh)oil  pressure  in  Ihe  carotid  artery  of  the  animal 
was  only  ll'i  in.ra.  (about  4}  inches)  mercury;  that  is  to  say,  the 
force  by  means  of  which  secretion  is  driven  outwards,  is  nearly 
twice  as  great  as  the  pressure  in  the  bloodvessels  in  the  gland. 
The  secretion  of  saliva  cannot  then  be  a  question  of  mere  filtra- 
tion, for  if  the  physical  agency — pressure — alone  were  acting,  the 
saliva  would  be  forced  into  the  bloodvessels  as  soon  as  the  pres- 
sure in  the  duct  exceeded  that  in  the  vessels. 

The  force  and  rate  with  which  ihe  secretion  is  produced  vary 
with  the  strength  of  the  i^timulatiun.  The  flow  of  saliva  steadily 
increases  within  certain  limits  as  the  stimulus  gets  stronger.  It 
is  not  only  the  (luantity  of  the  secretion  that  depends  on  the 
amount  of  nerve  impulse,  but  also  its  quality  ;  that  is  to  say,  with 
a  fresh  gland,  not  wearied  by  previous  experiment,  the  amount 
of  solids  ill  the  saliva  increases  ns  the  stimulus  is  increased,  so 
that  not  only  the  activity  of  the  gland  cells  is  under  the  control 
of  nerve  influence,  but  the  kind  of  work  they  jierform  is  also 
regulated  by  the  intensity  of  nerve  impulse  they  receive. 

It  has  been  found  that  the  increase  iu  the  blood  flow  is  secon- 
dary to  the  secretion  called  forth  by  stimulation  of  the  chorda 
tympani.  This  is  shown  by  the  fact  that  even  \Tben  the  blood 
supply  is  cut  off  by  auy  means  (^it^oug  syniputhetliic  stimtilalion, 
ligature  of  the  vessels,  or  even  decapitation)  an  amount  of  saliva 
can  be  made  to  flow  from  the  gland  which  could  not  have  been 
stored  up  in  its  cells  ]>rior  to  the  st-iinuhition  of  this  nerve. 

II. — With  regard  to  the  influence  exerted  by  the  sympalhctio 
branchci,  the  most  obvious  result  of  stimulation  of  these  is  a  con- 
traction in  the  arterioles,  and  a  consequent  diminution  of  the 
amount  of  blood  flowing  through  the  gland.  The  glands  look 
pale,  and  the  blood  leaving  them  is  intensely  venous  iu  character; 
the  exact  opposite,  in  fact,  to  the  result  obtained  by  stimulation 
of  the  cerebro-spinal  nerves.  But  the  sympathetic  has  also  an 
effect  on  the  gland  cell,  as  it  produces  an  increased  flow  of  saliva. 
In  the  dog  the  secretion  of  "sympathetic  saliva  "  is  only  tempo- 
rary and  scanty,  having  high  specitic  gravity,  and  being  over- 
loaded with  the  solitls.  In  the  eat  and  rabbit  "  synipiithetic 
saliva "  is  scanty,  and  not  thicker  than  the  "chorda  saliva"  of 


136 


MANUAL  OF  PHYSIOLOGY. 


tlie  same  animal.  So  far  as  i-egards  the  bloodvessels,  then,  the 
chorda  is  directly  opposeil  to  the  sympathetic.  To  explain  this 
aiitngoiiism  we  may  either  assume  the  existence  of  local  nerve 
■centres  governing  the  muscular  coats  of  the  arterioles,  and  sup- 
pose that  the  sympathetic  stimulates  and  the  chorda  inhibits  the 
activity  of  these  centre.",  or,  what  seems  more  simple,  in  the  ab- 
sence of  anatomical  evidence  that  such  a  centre  exists,  we  may 
attribute  to  the  arterial  muscle  cells  themselves  an  automatic 
tonic  power  of  contraction  which  can  be  increased  by  the  sym- 
pathetic and  diminitihcd  iiy  the  chorda  tympani.  It  is  singular 
that  if  all  the  nerves  leading  to  the  gland  be  cut,  after  some 
hours  a  pretty  copious  watery  secretion  of  salivii  occurs  and  lasts 
for  some  weeks,  after  which  the  cells  undergo  atrophic  changes, 
and  the  gland  becomes  reduced  in  size.  The  e.xplunation  of  the 
appearance  of  this  so-called  "paralytic  saliva"  is  not  clearly 
made  out.  Possibly  the  removal  of  some  trophic  nervc-influeuces 
induces  abnormal  nutritive  changes  which  cause  stimulation  of 
the  cells,  and  ultimutely  lead  to  their  degeneration. 

The  histological  investigation  of  the  elements  of  these  glands 
in  the  various  stages  of  secretion  throws  considerable  light  on  the 
behavior  of  the  cells  during  their  periods  of  activity  and  rest. 

It  is  now  certain  that  the  different  stages  are  accompanied  by 
constant  structural  changes  in  the  cells,  which  doubtless  are  inti- 
mately connected  with  secretory  activity.  During  the  period  of 
rest,  that  is,  the  time  when  the  gland  is  not  discharging  its  secre- 
tion, the  cells  slowly  undergo  a  change  in  their  appearance,  which 
is  obvious  in  proportion  to  the  case  with  which  the  material  they 
secrete  is  recognized  in  the  protoplasm  of  a  cell.  Thus,  in  mucous 
glands,  or  in  mncu.s-yielding  salivary  glands,  the  changes  are 
conspicuous;  whilst  in  those  which  give  a  watery  sacretion  they 
sre  less  easily  seen. 

As  an  example  we  may  take  a  mucous  gland,  such  as  the  orbital 
gland  of  the  dog,  and  follow  the  changes  which  occur  in  its  cell 
from  the  time  it  ceases  to  discharge  it*  fniiclion.     (Fig.  66.) 

Immediately  alter  the  prolonged  and  active  discharge  of  the 
secretion  of  the  gland,  the  cells  have  all  the  characters  of  ordinary 
protoplasmic  units,  and  the  distinction  between  the  polygonal  cells 
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and  those  next  the  wall  of  the  acinus  (derni-lune  cells)  is  made 
out  with  great  difficulty,  because  all  the  cells  stain  evenly  with 


Fio.  66. 


Sections  of  Orbital  Gland  of  the  Doj;.  (Heiilenhain.) — (a)  After  pro- 
longed period  of  rest,  (b)  -\flcr  n  period  of  activity.  In  (a)  tlie  setTcting 
cells  are  denr,  being  swollen  up  with  miicigcn,  and  llic  half-inoun  cells  are 
very  distinct  and  diirkly  stained.  In  (n)  llie  ao'iiniiilulcd  lutiti^riiil  has  been 
digclmrged  from  the  cells,  and  the  alveoli  are  shrunken. 

carmine,  and  have  no  special  characters  except  those  belonging  to 

Kctive  protoplasm, 

12 
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During  rest  certain  changes  gradunlly  appear  in  those  gland- 
cells  which  are  next  the  lumen  of  the  saccule.  They  appear  to 
swell  towards  the  lumeo,  and  at  the  same  time  become  clear  and 
resist  staining  with  carmine,  their  protoplasm  becoming  imprcg- 
UHted  with  mucous-like  material  (inucigen),  while  the  demi-luiie 
cells  remain  proto[)lasmie  and  stain  easily,  and  are  thereby  readily 
distinguished  from  the  cell  in  the  cavity  of  the  saccule. 

Now,  if  the  discharge  of  secretion  be  called  for,  either  by  normal 
reflex  excitation,  or  by  direct  stimulus  of  the  chorda  tyrapaai 
nerve,  the  cells  discharge  the  contained  specific  material,  some  of 
them   most  probably  being  destroyed  by  the  act.     If  the  active 


Cells  of  the  Alveoli  of  a.  Serous  or  Watery  Salivary  Gland.     (Langley.] 
(a1  After  rest,    (b)  After  a  short  period  of  activity,    (c)  After  prolonged 
period  ofacdvity. 

secretion  be  continued  for  some  time,  the  cells  return  to  their 
former  protoplasmic  stale,  and  the  cells  which  have  been  worn 
out  are  replaced  by  others  from  the  demi-lune  or  margintti  cells. 

In  the  glands  which  do  not  produce  any  mucus  the  brilliant 
look  of  the  cells  after  rest  is  wanting,  but  a  corresponding  change 
occurs.  The  secreting  protnpla.Hm  becomes  extremely  granular 
during  the  renting  period,  and  again  clear  after  the  discharge  of 
the  secretion.     (Fig.  67.) 

Thus  it  would  appear  that  during  the  w>*ailed  period  of  rest, 
when  little  or  no  fluid  is  poured  into  the  duct,  the  gland-cells  are 
busy  at  their  manufacturing  process,  diligently  adding  to  their 
stock  in  hand  iu  order  to  be  ready  for  a  certain  demand  which 
they  could  not  meet  by  merely  concurrent  work. 

To  sum  up,  then,  we  may  conclude : 
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I.  That  the  manufacture  of  the  specific  materials  of  the 
secretiou  i.s  accompli.she<l  as  the  result  of  the  iutriusic 
power  of  the  protoplasm  of  the  gland  cells. 
II.  That  a  vital  process  is  called  forth  in  the  gland  cells  by 
the  action  of  nerve  impulses,  because — (1.)  The  force 
with  which  the  secretion  is  expelled  cannot  be  ac- 
counted for  by  the  blood  pressure.  (2.)  The  quantity 
and  (jualtly  of  the  secretion  is  modified  by  the  inten- 
sity of  the  nerve  stimulation.  (.3.)  The  temperature 
of  the  blood  is  raised.  (4.)  Structural  changes  in  the 
eel  I.s  can  be  observed. 

III.  The  normal  stimulus  to  secretion  passes  from  the  centre 
in  the  medulla  oblongata  to  the  salivary  glands  along 
cerebro-spinal,  not  sympathetic,  nerves. 

IV.  This  centre  for  salivary  secretion,  which  at  ordinary 
times  is  moderately  active,-may  be  excited  to  energetic 
action  by  impulses  coming  from  taste,  smell,  and  or- 
dinary sensory  nerve  terminals  (particularly  in  the 
mouth),  as  well  as  by  those  which  emanate  from  men- 
tal emotions. 


Chanqeb  undeeqone  bt  the  Fooi>  in  THi  Mouth. 

Food  when  taken  in  the  mouth  undergoes  two  processes,  which 
arc  inseparable  and  simultaneous  in  action  ;  viz.,  )niMticalioH  and 
iMoJivation. 

The  mechanism  of  mastication  has  already  been  discussed,  so 
fer  as  its  triturating  power  is  concerned.  In  iU  final  object  of 
forming  the  subdivided  food  into  a  lx)lu3  which  can  he  easily  swal- 
lowed, it  is  much  aided  by  inmlhution,  particularly  in  chewing 
dry  food ;  and  in  this  latter  the  moistening  of  the  particles,  so  as 
to  make  them  adhere  together,  is  the  most  necessary  act  of  mouth 
digestion,  and  is  next  in  importance  to  the  subdivision  accom- 
plished by  the  teeth.  Moreover,  the  saliva  covers  the  bolus  with 
a  coating  of  viscid  fluid,  so  that  it  can  more  ca^^ily  slip  down  the 
oesophagus.  Deglutition  of  solids  is  difficultduriug  a  scanty  sup- 
ply of  saliva. 
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Our  food  is  generally  composed  of  materials  some  of  which  • 
are  soluble  in  water,  and  some  are  not. 

While  in  the  mouth  the  salivn  dissolves  a  great  quantity  of  the 
more  readily  soluble  materials,  such  as  sugar  and  salt,  which  may 
be  either  mingled  with  the  insoluble  nubstauces,  and  swallowed 
together  with  the  bolus,  or  swallowed  separately  iu  a  fluid  form. 
Solution,  then,  is  an  important  item  iu  mouth-digestion. 

Id  many  carnivorous  animals  the  use  of  the  mouth-fluid  is 
chiefly  meclianical,  dissolving  some  insignificant  part  of  the  food, 
and  aiding  mastication  and  deglutition.  In  man,  however,  and 
other  animals  that  make  use  of  much  vegetable  food,  it  has  a 
chemical  function,  am!  acts  on  the  insoluble  starch,  converting  it 
into  soluble  sugar. 

The  active  principle  which  brings  about  this  change  is  Ptyalin. 
This  is  one  of  a  series  of  ferments  which  exist  iu  the  body,  and  to 
which  most  of  the  chemical  changes  in  digestion  are  due.  Although 
each  possesses  certain  peculiarities,  yet  as  a  group  they  may  be 
described  as  eflecting  by  their  presence  various  alterations  in  the 
substances  on  which  they  act,  while  they  themselves  do  not  undergo 
any  perceptible  chanj^e,  and  a  small  quantity  will  do  as  much 
work  as  a  larger  quantity  if  allowed  a  proportionately  longer  time. 

Ptyalin  acts  exclusively  on  starch,  and  hence  is  spoken  of  as  an 
araylolytic  fermeut,  its  action  consisting  in  causing  the  starch  to 
unite  chemically  with  one  molecule  of  water  thus  : 

C,H,A+H,0  =  C.H,.0. 

SUirch.  Grnpc-iiugar. 

During  this  process,  which  takes  at  the  least  a  few  minutes  to 
complete,  various  stages  can  be  detected :  first,  two  substances 
are  formed  which  together  are  commonly  spoken  of  as  dextrin  ; 
one,  erythro-dextrin,  which  gives  a  red  color  with  iodine,  and 
easily  passes  into  soluble  sugar;  and  the  other,  achroo-dextrin, 
gives  no  color  with  iodine,  and  is  with  difficulty  converted  into 
sugar.  As  it  gives  no  color  with  the  ordinary  test,  its  presence  is 
often  overlooked. 

The  sugar  thus  formed  has  been  called  Pii/alote,  which,  how- 
ever, can  be  converted  into  ordinary  grape-sugar  (glucose)  by  the 
action  of  sulphuric  acid.     Some  say  the  product  is  ail  maltose. 
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The  prwence  of  stnrch,  either  iu  its  soluble  or  insoluble  form, 
U  eatily  recognized  by  the  blue  color  given  by  free  iodiue,  which 
color  disappears  on  heating  to  about  100°  C,  but  reappears  on 
cooling. 

Very  many  testa  have  been  recommended  for  the  detection  of 
sugnr.  The  most  generally  applicable  one  is  Troramcr'a.  The 
liquid  is  made  strongly  alkuline  with  potash,  and  a  few  drops  of  a 
dilute  solution  of  pupric  sulphate  are  added  ;  a  clear  blue  solution 
results,  which,  on  being  raised  to  the  boiling  point,  deposits  a 
yellow  precipitate  of  cuprous  oxide.  Fehliag's  and  Pavy's  solu- 
tions are  modificatious  of  the  above  test  adapted  for  quantitative 
analysis. 

When  yeast  is  added  to  grape-sugar  and  placed  in  an  inverted 
test-tube,  the  sugar  is  converted  into  alcohol  and  carbon-dioxide. 
The  latter  rises  to  the  top  of  the  test-tube,  and  can  be  used  as  an 
indication  of  the  quantity  present.  Experiments  may  be  carried 
out  with  saliva  obtained  from  any  of  the  glands  directly,  but  the 
mixture  of  the  secretion  of  all  is  found  to  be  more  efficacious  than 
that  of  any  single  one.  The  ordinary  mouth-fluid  filtered  serves 
well  for  ordinary  experiment. 

An  effective  glycerin  solution  of  ptyalin  may  be  obtained  by 
steeping  chopped  salivary  glands  iu  alcohol,  and  then  extracting 
for  some  days  with  glycerin  and  water. 

The  following  facts  must  be  borne  in  mind  concerning  the 
amylolytic  action  of  ptyaliu  : 


1.  The  extremely  small  amount  of  the  ferment  required  to 

make  the  fluid  effective. 

2.  There  is  no  appreciable  diminution  in  the  amount  of  fer- 

ment, so  that  it  cannot  be  said  to  be  used  up  in  the 
process. 

3.  The  action  takes  place  most  readily  in  alkaline  solutions, 

such  as  the  saliva,  slowly  iu  neutral  solution,  and  not  at 
•   all  in  acids  of  the  strength  of  .2  per  cent,  of  hydrochloric 
acid. 

4.  Temperature  has  a  marked  effect  on  the  process.     Cold 

(0°  C.)  quite  checks  the  action  ;  heat  (75°  C.)  destroys 
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the  power  of  the  ferment,  which  is  most  active  at  the 
body  temperature  (36°-40''  C.)- 

5.  Strong  aci<l8  or  alkalies  destroy  the  amylolytic  power  of 
plyalio. 

6.  The  ferment  has  but  little  effect  on  raw  starch,  its  cc4IuIoae 
coaling  protecting  it;  but  it  acts  rapidly  on  well-boiled 
starch. 

7.  Ptyalin  is  more  active  in  weak  solutions,  and  seems  to  be 
impeded  in  its  action  by  an  accumulation  of  sugar. 

To  rcc4tpitulate,  we  find  that  the  following  changes  take  place 
in  the  mouth  : 

(1)  Solid  foo<l  is  or  should  bo  finely  subdividefl ;  (2)  dry 
food  is  moistened,  (3)  rolled  into  a  bolus,  (4)  and 
lubricated  ;  (5)  the  soluble  part  is  dli^solved,  and 
rendered  capable  of  being  tasted ;  (G)  and  part  of  the 
starch  is  converted  into  soluble  sugar  by  the  action 
of  a  ferment  called  ptyalin. 

In  the  short  time  occupied  by  the  passage  of  food  through  the 
ro^ophagus  no  special  change  takes  place  in  it,  sows  may  pass  on 
at  once  to  the  gastric  digestion,  which  will  occupy  the  next 
chapter. 


CHAPTER  VIII. 


STOMACH  DIGESTION. 


The  general  surface  of  the  stomach  is  covered  by  n  single 
layer  of  cylindrical  epithelial  cpIIs  which  also  line  the  orifices 
of  the  numerous  glands  with  which  the  inucdus  membrane  la 
thickly  studded.  This  single  layer  of  cylindrical  cells  is  marked 
off  from  the  stratified  m[uamou3  cells  lining  the  oesophagus  hy  a 
ebarp  line  of  demarcation.     The  glands  of  the  stomach  are  tubes 

Fio.  68. 


Dia^^rain  of  a  section  of  llie  Wall  of  tlic  Summcli. — «.  Orifices  of  gland!) 
with  cylintlrical  epitlicliiini.  b.  Fundus  of  glands  with  spherical  anil  oviil 
epillieliuin.  e.  JJiiDcularis  iniicoste.  d.  SubiuucouB  tissue  containing  blood- 
vessels, etc  e.  Circular,  (/)  oblique,  and  (</)  longitudinal  muscle  cuati>, 
h.  Serous  membrane. 


of  which  the  orifices  are  conical  depressions  which  divide  into 
two  or  three  tubular  prolongations.  The  outlet  or  orifice  is  cov- 
ered by  the  common  cylindrical  epithelium  of  the  surface  of  the 
stomach,  and  the  fundus  is  filled  with  sjMcific  granular  cells. 
The  glands  dip  down  into  the  delicate  submucous  tissue,  the 
branching  tubes  lying  parallel  and  exceedingly  close  together. 
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Between  them  an  injection  demonstrates  a  dense  network  of 
capillary  vessels  which  surrounds  the  tube  and  closely  invests  the 
delicate  basement  raembrane  which  forms  the  boundary  of  the 
ghuuis  and  the  basis  of  ttttaclimeiit  of  the  j^liiudiihir  cells. 

In  the  cardiac  end  of  the  stomach  two  distinct  kinds  of  cells 
are  found  in  the  deei)er  part  of  the  gland  tubes.  One  kind,  which 
is  much  the  more  nutuerou-',  consists  of  small   pale  spheroidal 

Fio.  69. 


Diagmin  showing  the  relnlinn  nf  llu-  iiltimnte  twigs  of  the  blood vesseln 
(v  ami  a),  and  of  llie  alworliriit  riulimls  to  the  gliiiuls  of  lliu  !<tniii:u'li  und 
llie  diflcrcnt  kinds  of  eijithcliuin,  vit.,  above  cj-liiidriral  ictls;  smnll  jjnle 
cells  in  the  lumen,  outside  which  are  the  dark  ovoid  celts. 


Cells,  which  occupies  the  lumen  of  the  gland  and  forms  the  regu- 
lar cell-iiDing  of  its  cavity.  These  cells  have  been  called  the 
"chief  cells"  (Hauptzellen),  or  "central  spheroidul  cell*." 

The  cells  of  the  other  form  are  comparatively  few,  being  alto- 
gether wanting  in  some  of  the  glands.     They  are  larger  and 
lore  striking  than  the  central  cells,  between  which  and  the  base- 
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meat  membraue  they  lie.  scattered  here  ami  there  over  the  fnndiis 
of  the  gland,  making  the  delicate  membrane  bulge.  They  stain 
more  eaeily.aud  have  darker  granules  than  the  central  cells.  On 
account  of  their  po.«ition  they  have  been  called  "  parietal," 
"marginal  or  border  cells"  (^^elegzelleu ),  and  from  their  oval 
shape,  which  equally  well  dii*tingui^<hes  them  froni  the  other, 
"  ovoid  rcJ/x."     (See  fig.  69.) 

There  is  a  different  class  of  glands,  the  so-called  mucous,  found 
chiefly  near  the  pyloric  end  of  the  stomach,  in  which  there  is  but 
one  kind  of  cell  throughout,  and  this  seems  to  differ  in  character 
from  both  the  varieties  in  the  other  glands,  resembling  rather  the 
cylindrical  epithelium  covering  the  surface  of  the  stomach  and 
dipping  into  the  conical  orifices  which  lead  to  the  glands. 

The  difference  between  the  two  kinds  of  glands  found  in  the 
stomach,  both  as  regards  their  distributinii  and  way  of  branching, 
and  the  cells  which  line  tlie  deeper  pi»rt.s  of  ihe  tubes,  is  found  to 
vary  in  different  animals.  The  diHiculty  of  ubtaining  fresh 
specimens  of  the  human  stomach  miikcs  it  still  uncertain  whether 
the  same  differences  exist  In  the  human  subject.  The  varieties 
of  opinion  and  drawings  published  suggest  that  various  stAj^ea  of 
gradation  from  one  kind  of  glaud  to  another  are  met  with  in  the 
stomach  of  even  the  same  animal. 

Experimental  research  does  not  show  deci-nively  that  the  ana- 
tomical differences  denote  dillcrcuces  of  function. 


The  Chakacteiw  of  Gastric  Juice. 

The  gastric  juice  is  a  clear  colorle-ss  fluid  with  strongly  acid 
reaction.  It  contains  .5  per  cent,  of  solids,  it.s  specific  gravity 
being  1002.  The  amount  secreted  in  the  day  is  extremely  vari- 
able, and  dejiends  upon  the  amount  and  character  of  the  food;  in 
well-fed  dogs  it  has  been  estimated  to  be  one-tenth  of  the  body 
weight. 

1.  It  contains,  in  man,  about  .2  per  cent,  of  free  hydrochloric 
acid,  in  the  dog  considerably  more.  The  lactic,  formic, 
butyric,  and  other  acids  which  have  been  found  in  the 
gastric  juice  probably  depend  on  the  decomposition  of 
some  of  the  iugesta. 
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2.  Pepsin,  the  specific  suhstauce  which  gives  the  gastric  juice 

its  digestive  ijualities,  is  a  nitrogeDous  ferment  which, 
with  the  foregoing  acid,  acts  on  proteids.  About  .3 
I>cr  cent,  is  present  in  the  secretion  of  the  human 
stomach.  It  is  probably  associated  with  other  less 
known  ferments,  one  of  which  curdles  milk  without  the 
presence  of  any  acid. 

3.  A  variable  qnarility  of  mucus  is  found  in  the  secretion  of 

the  stomach. 

4.  It  contains  .2  per  cent,  of  inorganic  saltH,  chielly  chlorides 

of  Boilium,  potassium  and  calcium. 


Method  of  Obtaining  Gastric  Secretion. — Formerly 
attempts  were  made  to  obtain  gastric  juice  by  obliging  a  dog 
while  faiStitig,  to  swallow  a  sponge,  and  withdrawing  it  when 
saturated  with  the  ga.'itric  secretion  ;  or  a  fasting  dog,  allowed  to 
swallow  insoluble  materials,  w»a  killed,  and  the  secretion  pro- 
duced was  collected  from  the  stomach.  It  is  best  obtained  di- 
rectly from  a  fistulous  opening  in  the  abdominal  wall  communi- 
cating with  the  stomach. 

A  gastric  fistula  was  first  made  by  accident.  It  was  a  case  in 
which  the  surgical  treatment  of  a  gun.shot  wound  of  the  stomach 
of  a  man  left  a  permanent  fistula,  by  means  of  which  the  gastric 
Bceretion  was  carefully  investigated.  Thus  a  man  proved  a  valu- 
able subject  for  experiraentiil  research. 

It  is  not  a  difficult  matter  to  reach  the  stomach  by  making  an 
artificial  opening  through  the  wall  of  the  abdomen,  and,  having 
brought  the  serous  surface  of  the  gastric  wall  into  firm  connec- 
tion with  the  serous  lining  of  the  abdominal  wall,  to  open  the 
stomach.  The  juxtaposition  of  the  parts  as  well  as  the  patency 
of  the  fistula  can  be  secured  by  a  suitable  flanged  canula  closed 
with  a  well-fittit)),'  cork.  By  removing  the  cork  the  gastric  juice 
may  be  obtained  in  small  quantities,  and  various  kinds  of  food 
may  be  introduced  through  the  canula,  and  the  changes  occur- 
ring in  theiu  studied. 

For  exfierimcntal  purposes  an  artificial  gastric  juice  may  be 
used.    This  can  be  made  from  the  gastric  mucous  membrane  of 
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R  dead  fliiinial  '  pip )  by  extracting  the  pepsin  from  the  finely 
divided  glandular  raenilirane,  with  a  weak  acid  i  less  than  .2  per 
ccDt.}i  f>r,  better,  with  a  large  quantity  of  glycerin,  and  subse- 
quently adding  HCl  to  the  extent  of  .2  per  cent. 

Mode  of  Secretion. — The  gastric  juice  is  not  gecreted  in 
large  quantity  when  the  stomach  is  empty,  but  only  when  the 
mucous  membrane  is  irritated  with  some  chemical  or  mechanical 
stimulus.  The  swallowing  of  alkaline  saliva  acts  as  a  gentle 
stimulus  and  causes  secretion,  so  that  the  surface  of  the  stomach 
becomes  acid.  When  the  lining  membrane  of  the  stomach  is 
mechanically  stimulated  through  a  fistula  it  becomes  red,  and 
drops  of  secretion  appear  at  the  point  of  sti imitation,  but  the 
amount  of  secretion  thus  produced  is  very  scanty  when  compared 
with  that  called  forth  by  chemical  irritants. 

Thus  ether,  alcohol,  and  pungent  condiments  produce  copious 

retion.  Weak  alkaline  solutions  also  cause  secretion,  but  the 
most  perfect  form  of  stimulant  seems  to  be  the  normal  one, 
namely,  a  consistent  mass  of  food  saturated  with  the  alkuliue 
saliva. 

lu  all  probability  the  secretion  of  the  gastric  juice  is  under  the 
control  of  a  special  nerve  mechanism,  and  the  way  in  which  the 
state  of  activity  follows  stimulation  of  the  part  seems  to  point  to 
Its  being  a  simple  reflex  act.  However,  the  nervous  connections 
(vagi  and  splanchuicsj  between  the  stomach  and  central  nervous 
system  may  all  be  severed  without  any  marked  effect  on  the  secre- 
tion, other  than  that  which  would  naturally  follow  the  changes 
in  the  amount  of  blood  supply,  which  of  course  is  profoundly 
altered  by  cutting  the  vasomotor  nerves  —  the  splanchuios. 
Whether  this  be  so  or  not,  there  must  be  some  coniiecliou  with 
the  nerve  centres,  for  sudden  emotions  check  the  secretions,  and 
the  sensations  caused  by  the  sight  or  smell  of  food  give  rise  to 
gastric  secretion. 

It  has  been  suggested  that  Meissuer's submucous  ganglionic  net- 
work may  act  as  a  reflex  centre  and  regulate  the  secretion.  But 
since  reflection  from  local  ganglionic  centres  has  not  yet  been 
definitely  demonstrated,  we  are  hardly  entitled  to  assume  that  it 
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occurs  here,  and  since  the  stimulus  corner  into  close  contiguity 
with  the  secreting  cells,  it  seems  quite  as  probable  that  theae  ele- 
roeuts  are  excited  to  activity  by  direct  stimulation  of  their  pro- 
toplasm. 

As  in  the  salivary  glands,  so  in  the  gastric  tubes,  the  cells  show 
(wmc  structural  changes  which  accompany  with  great  regularity 
their  periods  of  rest  and  activity,  and  therefore  may  be  concluded 
lo  be  the  indications  of  the  internal  processes  belonging  to  the 
production  of  the  specific  materials  of  their  secretion. 

It  appears  probable  that  the  chief  secretory  activity  resides  in 
the  small  central  cells,  and  not  in  the  large  ovoid  border-cells, 
since  no  distinct  changes  can  be  seen  in  the  latter,  and  the  smaller 
gland  cells  seem  to  contain  the  pepein,  for  if  the  mucous  mem- 
brane be  treated  with  weak  hydrochloric  acid,  these  central  gland- 
cclia  are  rapidly  dii<8olved  by  a  process  of  digestion,  while  the 
border-cells  simply  swell  up  and  become  more  transparent.  So 
that  the  outer  ovoid  cells  have  no  title  to  their  former  name  of 
"  peptic  cells  " 

The  central  cells  of  the  gastric  glands  are  finely  granular,  pale, 
protoplasmic  masses,  and  continue  so  during  the  time  when  the 
stomach  is  empty  and  the  glands  not  secreting.  In  the  earlier 
stages  of  digestion  these  cells  swell  up  and  become  turbid  and 
coarsely  granular,  and  stain  more  readily  with  the  aniline  dyes. 
As  the  digestive  process  goes  on  the  cells  again  diroiuish  in  size, 
but  are  found  to  contain  a  large  quantity  of  peculiar  granules, 
which  are  discharged  from  the  cell  before  its  return  to  the  ordi- 
nary state  of  rest.  The  cells  are  said  to  be  rich  in  pepsin  in  pro- 
portion to  their  siie;  when  swollen  during  active  digestion  they 
contniti  much  pepsin,  when  small,  during  hunger,  they  contain 
but  little. 

It  would  therefore  appear  that  the  pep.Vm  of  the  gastric  juice 
is  produced  as  a  distinct  and  new  mauufaelure  by  the  central 
cells  of  the  peptic  glands,  and  uot  by  the  other  cells.  Structural 
changes  have  also  been  followed  out  in  the  so-called  mucous 
glands  and  in  glands  without  any  of  the  ovoid  border  cells  which, 
taken  with  the  fact  that  the  iilkiiline  secretion  of  the  pyloric  end 
of  the  stomach,  where  the  mucous  glands  abound,  is  capable  of 
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rapily  digesting  proteid  if  acid  be  added  to  it,  tends  to  show  that 
io  these  so-called  mucous  glands  pepsin  is  also  produced. 

The  acid  is  found  chiefly  on  the  surface  of  the  stomach.  The 
mode  of  its  production  seems  distinct  from  that  of  pepin,  but  is 
not  well  understood.  Although  the  deeper  parts  of  the  glands  do 
not  give  an  acid  reaction,  wiiile  the  ueck  aud  orifices  of  the  gland 
are  distinctly  acid,  there  is  good  reason  for  believing  that  this 
manufacture  of  acid  from  the  alkaline  blood  is  really  an  active 
prooees  carried  out  by  some  glandular  cells. 

It  has  been  suggested  that  the  cell  elements  which  produce  the 
acid  are  the  ovoid  border-cells,  from  whence  it  rapidly  passes  to 
the  orifice  of  the  glands.  This  view  is  supported  by  the  alka- 
linity of  the  pyloric  end  of  the  stomach  where  the  border  cells 
arc  not  found.  lu  some  animals  the  distinct  distribution  of  the 
diflerent  cell  elements  and  the  accompanying  reaction  of  the 
secretion  are  well  marked. 


Action  of  the  Ga.stric  Juice. 


I 

^^P    The  gastric  juice  has  in  the  absence  uf  mucus  no  effect  on  the 
^^^carbohydrates,  and  probulily  the  amylolytiu  fermentation  set  up 
by  the  saliva  is  impeded,  if  not  completely  checked,  by  the  free 
acid  in  the  stomach. 
^m       The  gastric  juice  has  no  effect  on  pure  fats,  but  it  dissolves  the 
^P  proteid  frame-work  of  adipose  tissue  aud  thus  sets  the  fills  free, 
which  are  then  turned  by  heat  to  a  liquid  ma.ss  like  oil.     Upon 
I        the  albuminous  Iwdies  the  gastric  <ligcstiou  produces  a  marked 
effect.     The  proteids  being  colloid  bodies  cannot  pass  through  iiu 
animal  membrane  by  the  process  called  dialysis;  it  has  therefore 
been  assumed  that  they  cauitoi  be  absorbed  through  the  lining 
membrane  of  the  stomach.     They  are  also  often  eaten  iu  an  in- 
soluble form.     To  convert  the  insoluble  and  iudiffusible  albumins 
into  a  soluble  and  didiisible  substance  would  obviously  be  a  great 
Blep  towards  their  absorption.     This  power  is  ascribed  to  the  gas- 
tric juice.     The  steps  of  the  process  may  be  accurately  followed 
iu   a  suitable  glass  vessel,  irrespective  of  the  stomach,  by  using 
artificial  gastric  juice,  aud  attending  to  the  various  conditions 
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iiencs?ary  for  its  action.  The  power  of  artificial  gastric  juice 
carefully  prepared  from  the  mucous  membrane  of  an  auitnal's 
stomHch  diflers  in  no  essential  respect  from  that  of  the  natural 
Sticrc'tion  in  the  stomach,  if  all   the  circumstances  which  aid  the 

ilion  of  the  gastric  ferments  be  applied  in  the  experiment.  This 
action  consists  in  a  conversion  of  coagulated  albumins  into  the 
peculiar  soluble  and  diS'usible  form  of  proteid  known  as  "  pep- 
tones." 

The  change  is  not  effected  immediately,  but  certain  stages  may 
he  recognized  in  which  the  two  chief  constituents  of  the  gastric 
juice,  the  acid  and  the  pepsin,  seem  to  have  a  separate  action. 

Shortly  after  the  introduction  of  a  proteid,  such  as  boiled  fibrin, 
into  gastric  fluid  at  the  temjjerature  of  the  body,  the  masses  of 
fibrin  swell  up,  become  transparent,  and  eventually  are  easily 
shaken  to  pieces  and  dissolved. 

The  first  Htep  in  the  process  seems  to  be  brought  about  by  the 
free  acid,  and  coo.sisLs  in  the  formation  of  ucid  albumin.  This 
can  be  show ti  by  neutralizing  the  fluid  during  the  process  and 
thereby  causing  a  precipitate  of  acid  albumin  ( v.  p.  61 ).  The 
amount  of  this  precipitate  will  depend  upuu  how  far  the  conver- 
sidii  into  peptone — which  is  not  precipitated  by  neutralization — 
has  progressed.  Thus,  iu  the  earlier  stages,  nearly  all  the  proteid 
used  will  be  thrown  down  by  neutralization,  while  only  a  com- 
paratively small  amount  is  precipitated  in  the  later  stages. 

The  formaliou  of  acid  albumin  may  be  clfected  with  acid  alone 
without  the  other  constituents  of  the  gastric  juice,  and  therefore 
the  prelituioury  step  may  bo  atlribuled  to  the  uBaided  action  of 
the  acid  ;  but  since  this  stage  in  the  formation  of  peptone  is  con- 
stant, and  the  material  may  possibly  be  distinguishable  from  the 
ordinary  iicid  ulbuinin,  it  has  been  culled  piirnpcplone. 

While  the  parapeptoue  is  being  formed  by  the  acid,  the  pepsin 
is  engaged  in  chiiuging  it  into  the  final  soluble,  ditfusible,  and 
uncoagulable  product — peptone.  The  pepsin  by  itself  cannot 
convert  proteid  into  peptone,  as  may  be  seen  in  the  want  of  effi- 
cacy of  a  neutral  sululiun  of  pepsin,  in  which  neither  peptone 
nor  parapeptone  is  formed.  In  other  words,  pepsin  solution  can 
only  change  parapeptone  or  acid  albumin  into  peptone.    It  would 
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appear  probable,  however,  that  it  posseMCa  this  property  to  an 
uolimiteii  extent,  .since  it  undergoes  no  change  itself,  ami  with 
fresh  supplies  of  acid  a  very  minute  quantity  of  pepein  can  con- 
vert an  intlefioile  amount  of  proteid  into  peptone. 

The  rapidity  witli  which  proteid  is  converted  varies  according 
to  the  circum8lance8  under  which  it  is  placed  as  well  as  the  kind 
of  proteid  used.  If  the  same  proteid  be  used  the  following  cir- 
cumstances will  be  found  to  influence  the  rapidity  of  the  process: 

1.  The  tem|>erature.  As  already  stated,  the  optimum  degree 
of  heat  for  the  change  is  about  that  of  the  body,  38°- 
40°  C. 

The  activity  of  the  gastric  juice  diminishes  when  the 
temperature  either  risesaboveor  fulls  below  this  standard. 
The  minimum  at  which  it  is  capable  of  action  at  all  is 
about  1°  C.  and  the  maximum  is  about  90°  C.  Boiling 
permanently  destroys  the  function  of  pepsin. 

2.  The  percentage  of  acid  as  well  as  the  kind  of  acid  has  a 
marked  effect.  Though  the  action  will  go  on  with  other 
acids,  hydrochloric  is  the  roost  effective,  and  that  of  a 
strength  of  .2  per  cent. 

3.  Large  quantities  of  salts  in  solution  or  a  condensed  solu- 
tiou  of  peptone  impede  the  process,  a  certain  degree  of 
dilution  being  necessary  for  the  process.  In  strong  solu- 
tions of  proteid,  the  |)eptoues  must  be  rcnioveil  by  dialy- 
sis in  order  to  allow  of  the  coutiuuaucc  of  the  action. 
This  occurs  in  the  stomach  by  means  of  the  blood  and 
absorbent  vessels. 

4.  The  degree  of  subdivision  to  which  the  proteid  hits  been 
subjected  materially  influences  ihe  rapidity  of  its  con- 
version into  peptone.  The  more  finally  subdivided  the 
substance  the  greater  will  he  the  relative  extent  of  sur- 
face exposed  to  the  actiou  of  the  digestive  fluids,  Wheu 
large  masses  are  introduced  into  the  stomach,  the  gastric 
fluid  cannot  reach  the  cenlnil  portiunc,  and  titeir  diges- 
tion must  await  the  completion  of  that  of  the  exterior 
part. 

5.  Motion  aids  the  action  of  the  foregoing  factors. 
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^m         All  these  requisites  are  found  in  the  aormal  act  of  digestion. 

■  The  temperature  of  the  stomach  ia  38°  to  39°  C.  (=100°F.). 
'  Hrdrothloric  acid  is  present  in  the  proportion  of  about  .2  per  cent. : 

as  quickly  as  the  peptones  are  formed  they  can  be  removed  by 
absorption  from  the  stomach,  and  thus  the  needful  dilution  va  ac- 
complished :  and  finally,  if  the  mouth  has  done  its  duty,  the  pieces 
of  proteid  have  been  reduced  to  a  pulp,  composed  of  minute  par- 
ticles: the«>eare  kept  in  constant  motion  by  the  gastric  walls,  and 
thus  are  repeatedly  brought  in  contact  with  fresh  supplies  of  the 
digestive  6iiid. 

There  can  be  little  doubt  that  the  conversion  of  proteid  into 
peptone  is  normally  brought  about  by  the  pepsin,  which  acts  as  a 
ferment,  in  some  way  or  other  facilitating  a  process  which  without 
it  is  extremely  difficult  to  accomplish.  Proteids  may,  however, 
give  rise  to  peptone  without  the  presence  of  any  pepsin  at  all,  if 
they  be  treated  with  strong  acids,  alkalies,  boiliug  under  high 
pressure,  putrefactive  aud  olher  fermentative  actions.  Thb,  to- 
gether with  the  analogy  suggested  by  the  chemical  details  of  the 
amylolytic  action  of  saliva,  which  one  may  say  depends  on  an  atom 
of  water  being  taken  up,  suggests  that  the  change  of  proteid  into 
jjeptoue  is  also  hydrolytic,  the  peptoues  being  simply  an  extremely 
hydrated  form  of  proteid.* 

So  far  we  have  found  that  the  action  of  the  gastric  juice  afiects 
proteids  alone.  Its  action  on  other  constituents  of  food  varies. 
Gelatinuug  nmlerial  is  dissolved  by  the  gastric  digestion  and  ren- 
dered incapable  of  funning  a  jelly  ;  its  conversion  into  peptone 
has,  however,  not  bepu  established.  The  connective  tissue  of  meat 
is  therefore  soon  removed,  ami  the  muscle  fibres  fall  asunder,  the 
surcolemma  is  dissolved,  aud  the  muscle  substance  is  converted 

*  Though  protuidx  will  nut  diffiiNe  through  n  dead  nnimal-rni'mbrane  when 
diHlilk'd  wntcr  18  iiKed,  u  lair  ntiiouiit  of  difTuKion  takes  place  if  a  aiiitalile 
sdliili'iii  of  cnnimrm  salt  he  employed  inntead  of  wntcr.  It  must  also  l>e  re- 
iiioiiiliereil  tliul  (lie  );iiNtr!e  iiiiicdUK  uiL-nihritne  in  u  living  active  structure, 
and  thitt  (hr  lluid  iiitu  wliicli  ilie  iillitiiiiiiiH  huve  to  diHiisc  may  lie  reganled 
lu  u  milt  Miluliiiit.  Il  in  llK-ref>iiC'ipi!lL- priilialile  tlint  a  i.-cinsidi-ni)ilt.Mpiiinlity 
iif  iilliuiniii  riiiiy  liu  alworlicd  as  micli.  The  fact  that  |K.'ptone  canuot  lx>  found 
ill  iiiiy  ipmiility  in  chyle  ur  |Kirlal  hlood  tends  to  prove  that  the  allmuiin 
doe«  paw  llirougli  the  hIoiuucIi  wall  without  bein);  changed  into  peptone. 
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into  true  peplout'.  The  delicate  sheets  of  eliu'lic  tiamic,  such  ns 
basement  tneiubraues  and  those  of  small  vescei^,  are  dissolved,  but 
larger  masses  of  yellow  elastic  tissue  are  not  affected  by  the  gas- 
tric digestion.  The  horny  part  of  the  epidermis,  hairs,  etc.,  are 
quite  unaltered,  and  also  the  mucus,  which  passes  along  the  ali- 
mentary tract  without  change.  lione  dissolves  slowly,  the  auimul 
part  being  attacked  at  the  surface  by  the  gastric  juice  and  the 
acid  slowly  removing  the  salt*. 

The  action  of  the  gastric  juice  ou  viilk  is  peculiar.  On  reaching 
the  stomach  milk  is  curdled  by  a  s|)ccial  fertnciit  formed  in  the 
gastric  mucous  membrane.  This  is  known  as  "  Ketiuet,''  which  is 
made  from  the  stomach  of  the  calf,  and  used  iu  the  raaniifacture 
of  cheese.  The  precipitation  of  the  C'liseiii  (alkali  albiiiniu'), 
which  gives  rise  to  the  curdling  of  the  milk,  is  not  brought  iibiml 
by  the  hydrochloric  acid  (although  the  acidity  would  be  sufficient 
cause),  because  neutralized  gastric  juice  has  the  same  eliect.  It 
appears  that  a  special  ferment  (not  pepsin)  which  directly  affects 
the  casein  and  causes  its  coagulation,  must  exist.  It  is  not  due 
to  common  lactic  ferment,  for  though  lactic  acid  is  produced,  it  is 
forme<l  too  slowly  to  account  for  the  very  rapid  cougulution  of 
milk  which  occurs  in  the  stomach. 

The  gastric  juice  has  little  effect  on  vegetable  food  in  general, 
though  well -masticated  bread  may  be  very  materially  altered, 
owiog  to  the  action  of  the  saliva  on  the  starch  continuing  until 
the  mass  is  broken  up,  and  the  gastric  juice  then  dissolving  the 
proteids  (gluten).  The  greater  part  of  the  substance  of  bread, 
however,  leaves  the  stomach  iu  an  imperfectly  digested  state. 

In  short,  the  amount  of  change  which  any  given  form  of  food 
will  undergo  in  the  stomach  will  depend  on  the  amount  and  ex- 
jKwed  condition  of  the  protcid  it  contains. 

In  recapitulating  the  chief  events  of  gastric  digestion,  it  must 
be  remembered  that  while  the  food  is  yet  in  the  raoulh  the  secre- 
tion of  the  gastric  juice  commences,  and  is  greatly  increased  by 
the  arrival  of  a  bolus  of  food  and  a  quantity  of  frothy  alkaline 
saliva.  As  the  stomach  is  filled,  more  atid  more  secretion  is  pro- 
duced, and  aa  some  food  is  absorbed  an  additional  stimulus  is 
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applied.  Being  kept  in  motion  in  a  large  qnautitj  of  liquid 
which  dissolves  the  cases  in  which  the  fooil  particles  are  con- 
tained, the  bolus  of  food  soon  fails  asunder  aud  each  of  its  in- 
gredients is  fully  exposed  to  the  action  of  the  gastric  juice.  The 
acid  reaction  of  the  gastric  fluid  neutralizes  the  alkalinity  of  the 
saliva,  so  that  the  actiou  of  the  plyalin  is  hindered,  and  the 
starch  granules  float  about  quite  unaffected  by  tl»e  pepsin  or  hy- 
drochloric acid.  The  heat  of  the  stomach  rael(.«  the  fats,  and  the 
motion  breaks  up  the  oily  fluid  into  smaller  mas.ses.  They  are 
then  mingled  with  the  general  fluid,  which  becomes  more  and 
more  turbid  owing  to  the  admixture  of  starch  granules,  fat  glo- 
bules, dissolved  purnpeptoues,  and  miuute  particles  of  partially 
digested  proteids.  This  dull  gray  turbid  fluid  is  called  chyme. 
The  proteids  (which  claw  of  food-stuflTs  are  most  profoundly 
affected  by  the  gastric  digestion)  are  changed  more  or  less  rapidly 
according  as  their  particles  are  small  ami  uncovered,  or  large 
and  massed  together,  so  that  they  are  more  or  less  readily  reached 
by  the  gastric  juice,  and  also  in  proportion  to  the  facility  with 
which  they  form  acid  albumin.  The  chyme  contains  but  little 
peptone,  so  that  we  may  conclude  that,  when  formed,  it  is  rapidly 
absorbed  as  are  also  the  soluble  sugar  and  ordinary  fluids  taken 
with  the  food.  The  chyme  begins  to  leave  the  pylorus  soon  after 
gastric  digestion  has  begun,  some  passing  into  the  duodenum  in 
about  half  an  hour.  The  materials  which  resist  the  gastric  secre- 
tion, or  are  affected  very  slowly  by  it,  are  retained  many  hours  in 
the  stomach,  aud  the  jiylorus  may  refuse  exit  to  such  materials 
for  an  indefinite  time,  so  that  after  causing  much  unca»ines.s  they 
are  flually  removed  by  vomiting.  However,  many  solid  masses, 
unchewcd  vegetables,  etc.,  esca])e  through  the  pylorus  when  it 
opens  to  let  out  the  chyme. 


CHAPTER  IX. 
PANCREATIC  J  DICE. 

Second  only  to  the  stoiuach  in  importauce  as  a  digestive  cavity, 
is  tlie  duodemiin,  into  whicK  the  copious  secretion  of  two  of  the 
largest  glands  of  the  body — the  pancreas  and  the  liver — is 
poured. 

The  pancreas  is  a  larjre  compound  sacculated  or  acinous  gland, 
l»eiuji  composed  of  numerous  irregular  packets  of  gland  tissue 
attached  by  its  lateral  branchlets  to  the  main  central  duct.  The 
saccules  are  rather  elongated,  but  have  the  same  general  con- 
struction as  those  of  the  serous  salivary  glands  already  described. 
A  single  layer  of  irregular  or  slightly  conical  cylindrical  cells  in 
the  saccule,  shows  a  difference  of  structure  in  its  central  and 
peripheral  sides,  so  that  an  external  or  homogeneous  zone,  and 
an  internal  granular  zone  may  be  distinguished.  Each  zone  cor- 
responds to  one-half  of  the  cells,  the  clear  half  being  next  the 
boundary,  and  the  granular  half  next  the  kimen  of  the  saccule. 
The  relative  width  of  these  zones  varies  with  the  digestive  pro- 
cees,  so  that  the  nuclei  which  are  situated  between  them  some- 
times appear  to  be  in  the  outer  clear  zone,  and  sometimes  in  the 
inner  granular  zone.  The  outer  zone  colors  readily  with  car- 
mine, whiliit  the  inner  zone  remains  unstained. 

The  large  duct  which  pas-ses  down  the  axis  of  the  gland,  re- 
ceiving tributaries  on  all  sides,  is  surrounded  with  a  layer  of 
loose  connective  tissue  which  forms  an  outer  coat.  The  proper 
coat  of  the  duct  is  composed  of  elastic  tissue,  lined  by  a  single 
layer  of  cylindrical  epithelium. 

Collection  of  Pancreatic  Juice. — From  a  temporary 
fistula  the  secretion  of  the  pancreas  can  be  obtained  in  sufficient 
quantity  to  determine  its  character  and  properties.  A  permanent 
fistula  is  established  with  difficulty,  and  the  secretion  soon  alters 
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its  characters,  becoming  thin  and  losing  its  efficacy,  most  prob- 
ably being  altered  by  an  ahriormai  state  of  the  glaiul. 

An  artificial  pancreatic  juice  may  be  extracted  by  water  from 
the  minced  gland  taken  a  few  hours  after  death  from  an  animal 
which  has  been  killed  during  active  digestion  (a  couple  of  hours 
after  eating).  This  extract,  used  with  proper  precautions,  will 
have  the  same  effect  as  the  secretiou  itself. 

A  glycerin  solution  containing  the  active  principles  of  the 
paocrealic  secretion  may  also  be  made  from  the  pancreas  of  a  dead 
auiinnl  by  treating  the  minced  gland  for  a  couple  of  days  with 
absolute  alcohol,  removing  the  alcohol,  and  substituting  sufficient 
glycerin  to  cover  it,  in  which  it  should  remain  a  week  or  so.  This 
extract,  filtered,  contains  but  little  else  than  pancreatic  ferments. 

Characters  of  the  Secretion. — The  pancreatic  juice  is  a 
very  thick,  transparent,  colorless,  strongly  alkaline  fluid,  which 
turns  to  a  jelly  if  cooled  to  0°  C.  It  ofteu  contains  about  ten 
per  cent,  of  solids  when  obtained  from  a  temporary  fistula,  but  it 
may  have  as  little  as  two  per  cent. 

Of  these  a  considerable  proportion  are  organic,  namely  : 

1.  Albumin  which  is  coagulated  by  boiling. 

2.  Alkali  albumin,  precipitated  by  acetic  acid  or  by  adding 

magnesium  sulphate  to  saturation. 

3.  Leucin  and  tyrosin. 

4.  Fats  and  soaps. 

5.  Salts,   particularly  sodium   carbonate,  which   makes   it 

alkaliue. 

6.  Three  ferments,  to  which  it  owes  its  specific  action  on  the 
food-stuffs. 


Mode  of  Secretion. — The  pancreas  does  not  continue  in  a 
state  of  activity  during  the  interval  between  the  periods  of  active 
digestion.  When  the  gland  is  at  rest  it  is  of  a  pale  yellow  color 
and  is  flaccid,  but  during  active  digestion  it  becomes  more  turgid, 
and  assumes  a  pinkish  color  from  the  increased  flow  of  bhiod. 
The  secretiou  commences  immediately  after  taking  food,  and  rises 
rapidly  fur  a  couple  of  hours,  then  falls  and  rises  again   in  the 
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later  bours  of  digestion,  five  tx>  seven  hours  after  a  luenl ;  then  it 
gradually  falls  for  eight  to  ten  hours,  ami  ceases  completely  wlieu 
digestioD  is  at  an  end.  The  tint  rise  which  uccompanics  the  in- 
troduction of  f<x>il  into  tl>e  sloniach,  is  certainly  brought  about 
by  nervoud  agencies  of  a  similar  nature  to  that  of  the  stomuch, 
the  secretion  of  which  follows  closely  upon  mastication.  The 
second  accompauies  the  passage  of  the  undigested  food  through 
the  $roali  intestines,  and  may  also  be  most  conveniently  explained 
as  the  result  of  reflex  nervous  stimulation  of  the  gland  cellii. 

The  great  complexity  of  the  nerve  distribution  to  the  glands  of 
the  intestinal  tract  makes  it  dlHicuIt  to  ascertain  the  exact  chan- 
Hels  traversed  by  the  afferent  and  efferent  impvilses.  The  follow- 
ing observations,  if  accurate,  would  tend  to  prove  that  certain 
inhibitory  impulses  pass  from  the  stomach  along  the  vagus  tn  the 
medulla,  and  are  thence  reflected  to  the  gland  by  its  vaso  motor 
nerves.  During  vomiting,  or  when  the  central  end  of  the  divided 
vagus  is  stimulated,  the  secretion  of  the  pancreas  ceases.  Section 
of  the  nerves  which  surround  the  bloodvessels  distributed  to  the 
pancreas  causes  considerable  (paralytic;  flow  of  secretiou  which 
Bttmulalion  of  the  vagus  cannot  check. 

No  nerve  channels  have  beeu  demonstrated  to  carry  exciting 
impulses  direct  to  the  glands,  as  the  chorda  tynipani  does  to  the 
submaxillary ;  but  the  direct  stimulation  of  the  ghtud  itselt)  or  of 
the  medulla  oblongata,  is  said  to  induce  activity  of  the  gland. 

During  the  period  of  rest  of  the  pancreas,  i.e.,  when  the  alimen- 
tary tract  is  not  iu  activity,  no  secretion  flowing  from  the  duct 
and  the  glund  being  pale,  the  gland  cells  iu  the  acini  tmrlergo  a 
change  which  may  be  comj)ared  with  that  observed  in  the  cells 
of  the  serous  salivary  glands.  The  division  of  the  row  of  cells 
lining  the  acinus,  into  a  central  granular  and  outer  clear  zone, 
has  already  been  mentioned. 

Immediately  after  very  active  secretiou,  the  central  granular 
zone  is  reduced  to  a  minimum  owing  to  the  paucity  of  granules; 
and  the  outer  zone  occupies  the  greater  part  of  the  cell,  the  entire 
substance  of  which  stains  readily  and  looks  like  ordinary  proto- 
plasm. After  rest,  however,  the  granules  reappear,  and  after  the 
lapse  of  a  short  quiescent  period,  the  inner  granular  zone  has 
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again  encroached  on  the  outer,  owing  to  the  accumulation  of  gran- 
ules which,  rapidly  increasing,  fill  the  greater  part  of  the  ceils, 
and  cause  them  to  bulge  inwards  and  occlude  the  lumen  of  the 
gland.  When  digestion  commences,  the  cells  undergo  a  slight 
change  in  form,  so  that  each  individual  ceil  is  more  distinctly 
seen,  and  its  angles  are  retracted,  giving  a  notched  appearance  to 
the  margin  of  the  acinus.  The  blood  supply  during  ibis  period 
i«  much  increased,  red  arterial  blood  flowing  from  tlie  veinlels  of 
the  gland.     At  the  eame  time  the  granules  are  diminished  in  uum- 
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^^B  One  Saccule  tif  llie  l^ancreas  (>(  the  Riibbit  in  (liifcrcnt  states  of  activity. 

W  — A.  After  ii  |iori«l  of  ru'-l,  in  wliicli  case  the  niitlinosof  the  i-ells  iire  inilis- 

L linct,  and  llio  iiiiuT  nmv,  i.e.,  iIik  purl  nf  the  eoIU  (d)  nt'xt  ll>e  lumen  (e), 

^^B        is  lironil  and  i\\U-i\  with  line  |{r!innlc-<<.   n.  .\ftertlie  glnml  Iuls  jMinred  out  its 
^m         secretion,  when  (lie  cclJ  (iiiilines  (rf)  are  cleiirer,  the  gniiuilar  zone  (a)  is 
smaller,  and  the  ciear  outer  toae  is  wider.     (Kubne  and  Leo.) 

bar,  escaping  at  the  free  central  margin  of  the  cells  into  the  lumen 
towards  which  they  appear  to  crowd,  leaviug  the  outer  zone  once 
more  clear  and  free  from  granules,  while  the  lumen  of  the  saccule 
and  of  the  duct*  are  filled  with  secretion. 

Let  U8  then  examine  a  single  cell ;  during  the  period  of  rest 
with  a  comparatively  poor  8U])ply  of  blood,  the  cell  receives  its 
normal  nutrition,  which  is  accompanied  by  an  accumulation  of 
granules  in  the  protoplasm  next  the  free  side  of  the  cell.  During 
secretion  these  granules  are  pushed  out  of  the  cell,  aud  seem  in 
some  way  to  form  the  secretiou. 
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It  will  be  seen  immediutely  that  one  of  t))e  most  important 
functions  of  the  pancreatic  juice  is  the  formation  of  peptone  from 
proteid,  which  operation  is  carried  out  iiy  a  special  ferment  called 
trypsin.  Il  has  been  found  that  this  ferment  can  only  be  obtained 
from  the  active  paucrcjis,  and  that  tlie  wirier  the  inner  granular 
zone  of  the  cells  is,  the  richer  in  ferment  is  the  glycerin  extract 
made  from  the  ghuid.  But  it  liius  been  fitund  that  if  a  glycerin 
extract  be  rapidly  made  from  an  actively  secreting  absolutely 
fresh  gland,  i.e.,  removed  from  the  dead  animal  while  still  warm, 
the  extract  is  found  to  be  (juite  inert  towards  proteids,  while  an 
extract  made  from  a  portion  of  the  same  pancreas  which  has  been 
kept  some  hours  after  death  is  very  active;  and  a  portion  of  the 
fresh  pancreas  pounded  in  a  mortar  with  a  little  weak  acid  so  as 
to  develop  the  trypsin  in  it,  acts  in  an  alkaliue  solution  and  forms 
peptone  energetically. 

We  must  therefore  conclude  that  the  special  proteolytic  fer- 
ment of  the  pancreas  does  not  exist  prior  to  the  periwl  at  which 
the  secretion  is  poured  out  from  the  gland  cells. 

Although  a  definite  rehiltoii  seems  to  exist  between  the  amount 
of  granules  in  the  active  cells  nnd  the  degree  of  efficacy  of  the 
secretion,  the  ferniPiit  does  not  ai»peiir  in  full  force  for  some  time 
after  that  the  height  of  the  glaud  activity  has  been  established, 
and  it  is  likely  that  the  presence  of  an  acid  helps  in  the  birth  of 
the  ferment. 

It  has  therefore  been  assumed  that  the  gi-antiles  of  the  gland 
cells  give  rise,  not  to  the  proteolytic  ferment,  but  to  a  ferment- 
producing  substance  which  is  called  Zymoijetx. 

So  that  if  we  trace  the  history  of  the  pancreatic  proteolytic  fer- 
ment, we  shall  find  that,  so  fur  as  this  trypsin  is  concerned,  there 
can  be  no  question  as  to  whether  it  pre-exists  in  the  blood  and  is 
removed  thence  by  the  gland  or  not,  because  by  studying  the  process 
we  find  that  the  final  elaboration  of  the  secretion  takes  place  after 
it  has  got  into  the  ducts  or  the  intesliuni  cavity.  Thus  the  blood 
gives  to  the  protoplasm  of  the  ghind-cells  nutriment.  The  proto- 
plasm of  the  cells,  by  its  intrinsic  chemical  processes,  manufac- 
tures peculiar  granules.     These  granules  give  rise,  among  other 
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tilings,  to  zymogen,  which   in   the  [jreseiice  of  an  acid  beget« 
trypsin. 

Pancreatic  Digestion. — The  pancreatic  juice  i«,  of  nil  the 
digestive  fluids,  the  nioi<l  general  solvent.  It  nets  upon  the  three 
great  classes  of  food-stufls  which  retpiire  modification  to  enable 
thera  to  pass  through  the  barrier  that  intervenes  between  the  in- 
testinal cavity  and  the  blood  current.  It  changes  proteids  into 
peptones,  it  profoundly  mudifies  fatty  substance*,  and  converts 
starch  into  soluble  sugar.  The  ferments  to  which  its  activity  is 
due  may  be  separately  described. 

I.  Action  of  pancreatic  Juice  on  proteid,^. — The  ferment  which 
produces  peptones  is  trypsin.  Some  of  the  conditions  rcfjuired  for 
its  perfect  operation  are  the  same  as  those  necessary  for  the  action 
of  the  gastric  ferment  pepniii ;  namely,  a  certain  degree  of  dilu- 
tion, and  a  temperature  of  about  40°  C.  But  it  differs  from  pep- 
sin in  the  most  important  characteristic  of  its  action.  Whilst  the 
presence  of  an  acid  is  absolutely  necessary  for  peptic  proteolysisi, 
we  find  that  an  alkutiue  riJaclion  is  required  for  this  action  of  the 
pancreatic  ferment,  and  as  the  peptic  peptone  has  to  pass  through 
jireliminary  stages  in  which  it  closely  lesembles  acid  albumin,  so 
the  tryplic  peptone  is  first  produced  from  alkdli-albumin,  which  has 
been  tbrmed  as  a  [ireliminary  step  by  the  alkali  of  the  pancreatic 
juice.  The  addition  ofthesodinm  carbonate  aids  the  action,  and 
indeed  seems  to  play  a  part  which  closely  corresponds  to  that 
taken  by  the  hydrochloric  acid  iu  gastric  digestion. 

The  change  to  alkali  ulbumiu  and  peptone  as  accomplished  by 
the  trypsin,  is  not  accompanied  by  any  swelling  of  the  albumin 

ch  as  occurs  in  the  formation  of  the  acid  albumin  in  the 
itomach,  but  the  proteiil  is  gradually  eroded  from  the  surface 
and  thus  diminished  in  size. 

Moreover,  the  alkali  albumin  is  not  made  directly  into  peptone, 
but  passes  through  a  stage  in  which  it  resembles  globulin,  and  is 
soluble  in  solutions  of  sodium  chloride. 

Besides  these  differences  between  the  mode  of  action  of  pepsin 
and  trypsin  in  producing  peptones,  trypsin  has  a  peculiar  power 
upon  proteids,  which  has  no  analogue  in  the  peptic  action.  While 
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lie  pancreatic  peptone  is  being  produced,  a  fiirtber change  occurs, 
which  gives  rise  to  the  formation  of  two  cry^tailizable  uilrogenous 
bodies  known  as  leucin  and  tyrogin,  the  former  belonging  to  the 
fatty  acid,  and  the  latter  to  the  aromatic  acid  group.  These 
substances,  which  are  commonly  found  together  as  a  result  of  the 
decomposition  of  peptones,  seem  inseparable  from  pancreatic  di- 
gestion, and  increase  in  amount  towards  the  later  stages  of  the 
action. 

The  amount  of  peptone  produced  reaches  a  maximum  in  about 
four  hours,  after  wliich  the  proportion  of  the  different  uukuowu 
decivni position  products  appears  to  increase  at  the  expense  of  the 
peptone.  Among  these  substances  must  be  named  indol  and 
gkatol,  the  materials  from  which  the  process  of  pancreatic  diges- 
tion derives  its  peculiar  odor. 

This  breaking  up  of  the  surplus  proteid  food  into  bodies  which 
cannot  be  of  much  utility  in  the  economy,  and  which,  as  will 
appear  hereafter,  are  but  a  step  in  the  direction  of  their  elimina- 
tion, is  probably  an  important  part  of  the  pancreatic  function, 
as  it  relieves  the  economy  of  a  surcharge  of  albuminous  sub- 
stances. 

Small  quantities  of  phenol  are  also  found  iu  conjunction  with 
the  above. 

II.  Action  on  Fat. — The  action  of  the  pancreatic  juice  on  fata 
is  of  two  kinds.  (I.)  Saponification. — By  the  action  of  a  special 
ferment  (gteapsin)  the  neutral  fats  are  split  up  iuto  glycerin  and 
their  corresponding  fatty  acids.  The  acids  thus  formed  readily 
unite  with  the  alkali  present,  aud  thus  form  soap.  The  chcmis- 
try  of  the  change  will  be  found  at  p.  71,  and  may  be  thus  shortly 
stated,  taking  olein  as  an  example.  Olein  is  a  compound  of 
oleic  acid  and  glycerin.  Olein  in  presence  of  ferment  and  soda 
gives  glycerin  and  oleic  acid,  and  the  latter  combines  with  soda 
to  form  soap.  This  process  materially  aids  in  the  nest.  (II.) 
Emulsification. — Which  means  that  the  fat  is  reduced  to  a  state 
of  very  fine  subdivision,  as  it  exists  in  milk.  The  production  of 
this  condition  is  facilitated  by  (1),  the  quantity  of  albumin  in 
solution;  (2),  the  alkaliuity  of  the  fluid;  (3),  the  presence  of 
soap  alluded  to  above;  and  (4),  the  motion  of  the  intestioea. 

14 
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III.  Action  on  Inarch, — This  action  of  the  pancreatic  juice 
8eeiu8  to  depend  on  a  separate  ferment  (Amylopsin),  and  with  the 
exception  that  it  is  much  more  rapid  and  energetic,  and  is  said 
to  affect  raw  as  well  as  boiled  starch,  its  action  seems  to  be  iden- 
tical with  that  of  the  saliva.  This  power  is  found  to  exist  in  the 
extract  of  the  gland,  whether  it  has  been  removed  from  a  fasting 
or  from  a  recently  fed  animal,  and  therefore  does  not  depend  on 
whether  the  gland  is  engaged  in  active  secretion  or  not. 


CrrAPTER  X. 


BILE, 


The  liver  lias  two  chief  functioDs,  which  are^eo  [distinct  in 
their  ultimate  object  that  they  may  be  cmivenieiitly  described 
scpBralely,  allhou{;h  we  are  not  aware  that  any  iintural  dislinc- 
tion  exists  in  the  nintiner  of  their  performiuice.  One  is  mainly 
escremeotitiuus,  namely,  the  secretion  of  bile,*  which  belongs  to 

Fio.  71. 


Section  of  tlie  Liver  of  ihe  Newt,  in  whivli  the  bile  ducts  Imve  l;«en  in- 
jected, and  can  be  seen  to  form  a  network  of  tine  otipillarieK  around  the 
liviT  cells,  theoiitliiMM  nnd  niick'i  uf  wliicli  can  lie  seen. 

the  fluids  coniiecteil  with  iltgeslion,  aud  therefore  naturally  falls 
into  this  chapter.  The  other  is  purely  uiitritive,  consisting  in 
the  formation  of  glycogen.  The  glycogenic  function  of  the  liver 
is  of  the  first  importance  in  the  elaboration  of  the  bltiod,  and  will 
therefore  be  reserved  for  the  chapter  on  that  i^ubject. 

Among  the  most  striking  anatomical  peculiarities  of  the  liver 

•  Probably  alw  tlie  muniifnclnre  of  nren  fihonld  be  mentioned  here,  for 
there  is  no  doubt,  an  will  be  8ecn  later  on,  that  the  liver  has  an  important 
fihnre  in  producing  this  Hulwtance. 
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are:  (I.)  The  gall  bladder  is  its  receptacle  for  storing  the  secre- 
tion until  it  is  required.  (2)  It  has  a  double  supply  of  blood. 
Begidea  that  coming  from  the  spleen,  pancreas  and  intestinal 
canal,  collected  by  the  tributaries  of  the  great  portal  vein,  and 
distributed  by  its  branches  to  the  liver,  it  receives  by  the  hepatic 
artery  a  small  supply  of  fresh  arterial  blood.  (3)  A  beautiful 
network  is  formed  by  the  minute  ducts  (.bile  eapillariea)  which 
freely  anastomose  between  the  cells.  (4)  Although  in  the  em- 
bryo, and  iu  many  animals  throughout  their  adult  life,  the  liver 
ia  a  compound  saccular  gland,  yet  the  relation  of  the  duct  radi- 
cles to  the  saccules  is  so  modified  in  the  higher  animal  and  man, 
that  the  aualogy  is  no  longer  apparent,  and  the  structural  ar- 
rangement is  best  understood  by  following  its  vascular  ground- 
work. 

Structure  of  the  Liver. — On  the  surface  of  the  liver  are 
seen  small  rouuded  markings  about  the  size  of  a  pin's  head  which 
give  the  organ  a  peculiar  mottled  appearance.  This  is  much 
more  striking  in  some  animahs  (girafl'e,  bear,  pig)  than  others, 
but  easily  recoguizable  in  the  livers  of  all  mammalia.  These 
little  areas  mark  out  the  lobules  of  the  liver.  They  are  sur- 
rouuded  by  a  dark  red  boundary,  and  their  centre  is  marked  by 
a  dark  spot,  Ijetweeu  which  there  is  a  paler  yellowish  zone.  The 
dark  parts  correspond  to  the  bloodvessels,  and  have  a  constant 
relation  to  the  lobules. 

The  entire  liver  is  made  up  of  these  little  lobules,  and  each 
one  of  them  has  the  same  construction  and  blood  supply,  and 
therefore  forms  in  itself  a  little  liver  perfect  in  all  its  structural 
arrangements,  so  that  the  description  of  one  such  unit  will 
suffice  to  give  an  idea  of  the  structure  of  the  liver.  For  other 
details,  anatomical  works  must  be  referred  to. 

The  branches  of  the  large  portal  vein  and  those  of  the  small 
hepatic  artery  pursue  the  same  course  through  the  gland, and  are 
inclosed  in  a  sheath  of  connective  tissue,  which  also  forms  the 
bed  of  the  hepatic  duct  and  its  numerous  tributaries.  If  these 
branching  vessels  be  followed  to  their  final  ramificutious,  they  are 
found  to  pass  around  aud  between  the  neighboring  lobules.     The 
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Fio.  72. 


aches  of  the  portal  vein  in  this  situation  receive  the  name  of 
the  iulerlobniar  reinii.     They  anastomose  freely  with  the  terminal 
I        veinletB   in   the  vicinity,  so  as  to  form   a  network  round  each 


Section  of  Ivobulc  of  Liver  of  Rabbit  in  which  the  blood  nnd  bile  capil- 
laries have  been  injected.  (Cadial.) — n.  Intralobular  vein.  b.  Interlobular 
veins,    e..  Biliary  canals  beginning  in  fine  capillaries. 


lobule.  From  this  a  number  of  capillary  vessels  pass  into  the 
lobule,  and,  lying  between  the  glantl-cell,  form  a  network  with 
long  meshes  radiating  from  the  centre  like  the  threads  of  a 


166 


UANUAL  OP  PHYSIOLOGY. 


spider's  web.  These  are  the  lobular  blood  capillaries.  The  vessels 
of  this  radiated  capillary  network  iiecnme  larger  as  they  vitiite 
and  converge  to  the  cetitre  of  the  lobule,  where  they  opeu  into 
a  central  vein  which  lies  in  immediate  apposition  with  the  gliind 
cells.  This  vein  is  called  the  intralobular  rein,  &nd  is  the  raiJicIc 
of  the  efferent  or  hepatic  vein,  which  carries  the  blood  of  the 
liver  to  the  inferior  vena  cava. 

The  ultimate  ramification.s  of  the  hepatic  artery  can  be  traced 
to  various  destiuatioiie.  .Some  go  to  the  walls  of  the  accompanying 
vein  and  duct,  and  to  the  connective  tissue  which  surrounds  these 

Fio.  73. 


Cells  of  the  LiviT.  One  liirgeiiiuHNHhowii  tlicNlm|H<lhcynHHiiiiiel),v  niutiml 
(iressiire. — (n)  The  same  free,  wlicii  lltey  lieroine  n|ilieri>i<l.  (^>)  More  lUiig- 
nificd.    (e)  During  active  digisiiliuti,  containing  rvfriteting  globules  like  fat. 


vessels.  Many  of  the  arterial  capillaries  unite  with  olfshoots 
from  the  interlobular  venous  plexus  aud  thus  reinforce  the  lob- 
ular capillaries.  Other  branches  form  an  interlobular  capillary 
plexus,  which  Hows  into  the  interlobular  branches  of  the  vena 
porta,  together  with  those  from  the  walls  of  the  vein  and  duet. 

The  blood  flowing  to  the  liver  in  the  large  vena  porta  and  the 
small  hc[)atic  artery,  is  thus  coudueted  by  those  vessels  to  the 
boundaries  between  the  lobules  (interlobular  vcius),  and  thence 
streams  through  the  converging  lobular  capillaries  to  the  intra- 
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lobular  veiu,  and  is  collected  from  the  latter  by  the  siublobular 
tributaries  of  the  hepatic  vein,  by  which  it  is  couductcd  back  to 

Fia.  74. 


Section  of  the  liver  showing  the  relation  of  the  portal  branclies  (vp)  and 
of  the  radicles  of  llie  hepatic  veins  (hv)  to  the  lobules.  Below  is  a  portion 
of  the  same  highly  lungnificd. — (a)  Liver  cell  with  (n)  nucleus;  (6)  Blood 
capillaries  cut  across  passing  along  angles  of  cells;  (c)  Bile  capillaries  be- 
tween flattened  sides  of  cells.    (Iluxlcy.) 

the  general  circulation,  and  enters  the  heart  by  the  inferior  vena 
cava. 
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Tightly  packed  between  the  meshes  of  the  lobular  capillaries 
are  the  gland  cells.  These  are  large,  soft  polyhedral  cells,  wiili 
one,  two,  or  eveu  more  nuclei,  and  no  trace  of  limiting  meiubraue. 
Owing  to  the  shape  of  the  capillary  meshes  the  cells  are  placed 
iu  rows  radiating  from  the  ceutre  of  the  lobule  towards  the 
periphery. 

The  capillary  meshes  are  said  Co  pass  along  the  angles  and 
edges  of  these  cell  blocks  so  as  not  to  come  into  close  relation 
to  the  smaller  channels  ur  bile  capillaries  about  to  be  described 
(Fig.  75).  The  finely  granular  protoplasm  of  the  liver  cells  is 
capable  of  undergoing  some  slight  change  in  form  while  alive. 
In  the  protoplaiim  are  commonly  situated  varieties  of  granules, 

Fio.  76. 


Section  of  llie  Liver  of  llie  Newt,  in  wliicli  tlie  bile  iIik.-Ix  have  hcen  tii- 
jcctwl,  and  i-an  l>e  seen  to  form  a  netnrorlv  of  fuic  capillnriei  aroiitiil  the 
liver  cells,  the  outlines  and  nuclei  of  which  can  be  seen. 


the  commonest  being  bright  refracting  fat  globules,  which  vary 
in  amount  with  the  different  stages  of  digestion,  others,  of  a  yellow 
color,  seem  connected  with  the  coloring  matter  of  the  bile,  and  a 
third  variety,  less  refracting  and  colorless,  is  said  to  be  related 
to  the  glycogen. 

Between  the  cells  of  the  lobules  there  can  bo  demonstrated 
very  fine  straight  anastomosing  canals,  which  appear  to  be  formed 
by  the  juxtaposition  of  grooves  which  lie  iu  the  middle  of  the 
flat  surface  of  two  neighboring  celts.     Every  liver  cell  is  related 
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to  such  a  canal,  and  consequently  a  very  dense  network  with 
peculiarly  regular  piilygonal  meshes  is  present,  each  mesh  cor- 
responding in  size  to  one  cell. 

These  fine  intercellular  canals  are  called  lobular  bile  eapUlariet, 
and  nuift  not  be  confounded  with  lobular  blood  capillaries,  the 
diameter  of  which  is  about  ten  times  as  great  as  the  former,  and 
which  have  a  definite  boundary  wall,  whilst  the  bile  capillaries 
have  no  other  boundary  than  the  substance  of  the  liver  cell,  and 
therefore  are  not  really  vessels. 

These  fine  intercellular  bile  passages  are  described  as  commu- 
nicating with  the  interlobular  ducts  directly  opening  into  the 
ducts  without  any  marked  increase  in  the  size  or  change  of  ar- 
rangement. The  interlobular  ducts  which  follow  the  course  of 
the  artery  and  portal  vein  are  composed  of  a  delicate  basement 
membrane  lined  with  a  thin  layer  of  epithelium,  which,  in  the 
larger  vessels,  shows  a  cylindrical  character.  The  larger  bile 
ducts  have  a  firm  fihro-elastic  coat  lined  with  a  definite  mucous 
membrane  covered  with  cylindrical  epithelium  lying  upon  a  vas- 
cular submucosa,  in  which  are  scattered  numerous  glands  of  sac- 
cular form. 

The  amount  of  connective  tissue  in  the  liver  of  man  and  most 
domestic  animals  is  very  small,  but  in  the  pig,  bear,  giraffe,  and 
some  others,  it  is  easily  recognized  aronnd  the  lobules,  sending 
delicate  supporting  processes  between  the  cells  of  the  lohule.»<.  It 
paases  into  the  organ  with  the  portal  system  of  vessels  forming  a 
loose  sheath  derived  from  the  cajjsule  of  Glisson,  and  is  distributed 
with  the  subdivisions  of  those  vessels  to  the  various  parts  of  the 
gland. 

The  lymphatics  are  known  to  be  very  plentiful,  and  in  intimate 
relation  to  the  bloodvessels. 


Method  of  Obtaining  Bile. — For  most  practical  purposes 
the  bile  obtainable  from  the  gull-bladder  of  dead  animals  is  suffi- 
cient. The  bile  pigments  and  cholesterin  may  be  conveniently 
obtained  from  the  gall-stones  so  often  found  in  the  human  gall- 
bladder. 

In  order  to  investigate  the  composition  of  the  bile  as  it  comes 
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from  the  ducts,  before  it  has  beeu  modified  by  ita  sojourn  in  the 
gall-bladder,  it  is  necessary  to  make  a  biliary  fistuln,  cnmmuui- 
cating  either  with  the  gall-bladder  or  with  the  bile-duct.  Id  this 
way  the  rate,  j)res8ure,  and  other  points  concern iug  the  mode  of 
secretion  may  be  determined. 

Composition  of  Bile. — The  bile  of  man  niid  carnivorous 
aniinaLs  is  of  a  deep  orange-re(3  color,  turning  lo  gieeuish-brown 
by  decomposition  of  its  coloring  mdtter.  In  herbivorous  animals 
it  has  some  shade  of  green  wheu  quite  fresh,  but  turns"  to  a  muddy 
brown  after  a  lime.  It  is  transparent,  and  more  or  k>.«s  viscid 
according  to  the  length  of  time  it  has  remained  in  the  gall- 
bladder. Il  has  a  strong  bitter  taste,  a  peculiar  aromatic  odor, 
and  after  remaining  for  some  time  in  the  gall-bladder  it  has  au 
alkalioe  reaction.  Its  sj^cific  gravity  is  about  1010  when  taken 
frtmi  the  bile-ducts  directly,  but  it  rises  to  lOoO  after  prolonged 
stay  in  the  gnil-blnddor,  owing  lo  the  addition  of  uiucu.ii  and  the 
absor|)tioii  of  some  of  its  tin  id. 

The  following  table  gives  approximately  the  proportions  of  the 
chief  constituents  of  the  bile  : 

Water 85.0  per  cent. 

Bilcnalu 10.0        " 

Coloring  matter  and  mucus,     ....      3.0        " 

.      Fal» 1.0        " 

Cholenterin, 0.3        " 

Inorganic  salts, 0.7        " 

100.0 

Bile  contains  uo  structural  elements  nor  auy  trace  of  albumin- 
ous bodies. 

I.  The  bile  acids  are  two  compound  acids,  glyco-cbolic  and 
tauro-cholic,  which  exist  in  the  bile  in  combination  with  sodium. 
The  amount  of  each  varies  in  diflbrent  animals  and  at  diflereut 
times  in  the  same  animal.  The  bile  of  the  dog  and  other  curni- 
vora  contains  only  tauro-cholale  of  t^oda.  In  the  ox  the  glyco- 
cholate  of  soda  is  greatly  in  excess.  In  man  both  are  present, 
the  proportion  being  variable,  but  the  tauro-cholate  is  said  to 
preponderate. 
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To  separate  these  acids,  bile  is  evaporated  to  one-fourth  its 
V'lluine,  rubbed  to  a  paste  with  animal  charcoal  to  remove  the 
pi>;ments,  and  carefiilly  dried.  The  black  cake  is  extracted  with 
absolute  alcohol,  which  dissolves  the  bile  salts.  From  the  strong 
alcoholic  solution  after  partial  evaporation  the  bile  salts  can  be 
precipitated  by  ether.  They  first  appear  as  an  emulsion,  and 
then  form  glistening  crystals  which  are  soluble  in  water  or  alcohol, 
but  insoluble  in  ether. 

From  the  solution  of  the  two  salts  the  glyco-cholic  acid  may 
be  precipitated  by  neutral  lead  acetate,  as  lead  glyco-cholate, 
from  which  the  lead  may  be  removed  by  sulphuretted  hydrogen, 
and  the  acid  precipitated  from  its  alcoholic  solution  by  the  addi- 
tion of  water.  The  tauro-cholic  acid  may  be  obtained  subse- 
(juently  by  trejttiug  with  basic  lead  acetate. 

Glyco-cholic  acid  when  boiled  with  weak  acids,  alkalies,  or 
baryta-water,  takes  up  au  atom  of  water,  and  splits  into  cholic 
acid  aufl  glycin  (amido-aeetic  acid).     {.See  p.  06.) 

Tauro-cholic  acid,  under  similar  treatment,  splits  into  cholic 
acid  and  taurin  ('araido-ethyl-aulphouic  acid).     (See  p.  65.) 

Cholic  acid  occurs  free  in  the  intestines,  the  bile  salts  being 
split  up  in  digestiou  and  tauro-cholic  and  glyco-cholic  acids  sepa- 
rated. 

The  nitrogenous  cholic  acid  is  in  a  great  measure  eliminated 
with  the  fajces,  while  the  tutirin  and  glycin  are  reabsorbed  iiko 
the  blood  with  many  of  the  other  constituents  of  the  bile,  and 
are  again  probably  utilized  in  the  economy. 

No  traces  of  these  bile  acids  can  be  detected  in  normal  blood, 
and  there  is  no  accumulation  of  them  in  the  body  after  the  re- 
moval of  the  liver;  heuce  it  has  been  concluded  that  they  are 
manufactured  in  the  liver. 

II.  JIucus.  The  greater  part  of  the  mucus  which  the  bile  con- 
tains is  produced  in  the  gall  bladder,  and  there  added  to  the  bile. 
Some  mucus  conies  from  the  raucous  glands  in  the  bile  ducts,  but 
unless  the  bile  has  remained  in  the  gall-bladder  there  is  but  an 
insigniticant  amount  of  mucus  present,  as  is  seen  when  a  listida 
'  is  made  from  the  hepatic  duct.     The  mucus  passes  in  au  uu 
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changed  state  through  the  intestine,  and  is  evacuated  with  the 
faeces. 

III.  The  bile  pigment  of  man  and  carnivora  is  chiefly  the  red- 
dish form  called  biJirubin.  It  is  insoluble  in  water,  but  soluble 
in  chloroform.  It  can  bo  obtained  in  rhombic  cryi-tali?,  and  ia 
easily  converted  by  oxidation  into  a  green  pigment,  bilh'erdin, 
which  is  the  principal  coloring  matter  in  the  bile  of  many  aui- 
mal.«,  and  is  not  soluble  in  chloroform,  but  readily  so  in  alcohol. 
Bilirubin  is  supposed  to  be  identical  with  hceniatoidin,  a  deeply 
colored  material  found  by  Virchowin  old  extravasations  of  blood 
within  the  body,  and  hence  the  bile  pigment  is  said  to  be  derived 
from  the  coloring  matter  of  the  blood.  Probably  the  ha?mogIobin 
of  some  red  corpuscles  which  have  been  broken  up  in  the  spleea 
is  converted  into  bile  pigment  by  the  liver. 

Under  the  influence  of  decomposition  bilirubin  undergoes  a 
change,  taking  up  water  and  forming  hydro-bilirubin  ;  this  oc- 
curs in  the  intestine,  and  the  bilirubin  is  thus  eliminated  as  the 
coloring  matter  of  the  fieces  (stercobilin),  which  is  probably  iden- 
tical with  the  urobilin  of  the  urine. 

IV.  Fatty  matters,  the  principal  of  which  are  lecithin  (see  p. 
71),  pahnitin,  stearin,  oleiu,  and  their  soda  soaps. 

V.  Cholesterin  (Cj,II„0)  is  an  alcohol,  and  crystallizes  in  clear 
rhombic  plates,  insoluble  in  water,  but  held  in  solution  by  the 
presence  of  the  bile  salts.  It  c«n  be  obtained  from  gall-stones, 
the  pale  variety  of  wliich  are  almost  entirely  composed  of  it.  The 
cholesterin  leaves  the  intestine  with  the  ficces. 

VI.  The  inorganic  salts  are  sodium  and  potassium  chloride, 
calcium  phosphate,  some  magnesia,  and  a  considerable  quantity 
of  iron. 

Tests  for  Bile. — ^The  most  important  constituents  of  the  bile, 
viz.,  the  bile  acids  and  pigenent,  may  be  detected  by  appropriate 
testa,  which  are  of  great  practical  use : 

1.  Petteukofer's  test  for  the  bile  acids:   To  a  fluid  contain- 
ing either  or  both  bile  acids  add  some  cane  sugar,  and 
then  slowly  drop  by  drop  strong  sulphuric  acid.     The  , 
solution  turns  to  a  cherry-red  and  then  changes  to  a 
fine  purple.    As  other  subetancea,  «uch  as  albuminoua 
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bo<lies,  give  under  this  treatment  a  similar  color,  in 
order  to  make  the  reaction  n  trustworthy  test  for  bile 
salts,  the  two  chanictcristie  bands  given  by  the  gfjectro- 
Bcope  should  also  be  observed. 

The  following  is  said  to  be  a  more  characteristic  test : 
Rinse  out  a  porcelain  capule  successively  with  the  fluid 
to  be  tested,  then  with  weak  sulphuric  acid,  and  finally 
with  a  weak  solution  of  sugar,  iheu  heat  to  70°  C,  when 
the  capsule  turns  purple. 
Gmeliu's  lest  for  the  bile  pigments  depends  upon  the 
fact  that,  during  the  stages  of  oxidation,  the  bili- 
rubin undergoes  a  series  of  changes  in  color  which  fol- 
low the  sequence  of  the  familiar  solar  spectrum.  Place 
a  few  drops  of  the  fluid  to  be  tested  on  a  white  surface 
(a  capsule  or  plate),  and  allow  a  drop  of  nitric  acid, 
yellow  with  uitrou.^  ncid  fumes,  to  run  into  it;  as  they 
mingle  together  the  rainbow-like  play  of  color  appears. 
This,  when  watched,  will  be  found  to  consist  of  a  series 
of  changes  to  green,  blue,  violet,  red,  and  yellow. 

The  same  can  be  observed  by  allowing  the  acid  to 
trickle  gently  down  the  side  of  a  test-tube  fixed  in  an 
inclined  position  so  that  it  cannot  be  shaken,  the  play 
of  color  can  theu  be  seen  starting  from  the  point  of 
iunction  of  the  two  fluids.! 


Method  op  Secretion  of  Bile. 

The  secretion  of  the  liver  varies  less  in  the  amount  formed  in 
a  given  time  than  that  of  other  digestive  glands.  Although  the 
changes  in  the  rate  of  its  secretion  are  not  so  marked,  they  fol- 
low the  same  general  rule  as  those  of  other  glands,  i.e.,  after 
food  is  taken  there  is  a  sudden  rise,  then  a  gradual  fall,  followed 
by  a  second  rise  in  the  amount  produced,  as  is  so  well  seen  in  the 
case  of  the  pancreas.  Although  hunger  is  said  to  check  the 
secretion  of  bile,  it  is  practically  continuous,  as  is  the  activity  of 
all  glands  whose  duty  it  is  to  eliminate  noxious  substances. 

At  the  end  of  a  period  of  fasting  the  gall-bladdor  is  always 
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found  greatly  disteu(Jed,  because  the  secretion  has  continued  to 
flow  into  that  receptacle,  and  there  has  been  uo  call  for  ita  dis- 
charge into  the  duodenum. 

The  amount  of  bile  produced  by  dogs  is  much  influenced  by 
the  diet.  It  is  very  great  when  meat  alone  is  consutiiud,  less  with 
vegetable  diet,  and  very  small  with  a  diet  of  pure  fat.  As  a  gen- 
eral rule  the  bile  is  more  abuiidantly  produced  in  herbivorous 
than  in  carnivorous  animals. 

The  secretion  of  bile  is  also  influenced  by  the  amount  of  blood 
flowing  through  the  organ.  Ligature  of  the  hepatic  artery  causes 
cessation  of  the  secretion,  and  ultiiualcly  death,  from  maluulri- 
lion  of  the  ti.ssue  of  the  liver. 

These  variations  in  the  rate  of  secretion  may  depend  on  direct 
nervous  influence,  but  no  special  secretory  nerve  mechanism  has 
l>een  discovered  for  the  liver,  and  it  is  quite  possil>le  that  the 
changes  in  the  activity  of  the  gland  which  accoraj-iauy  the  differ- 
ent periods  of  digestion  may  be  accounted  for  by  changes  in  the 
intestinal  blood  supply,  which  give  rise  to  corresponding  differ- 
ences in  the  amount  of  blood 'flowing  through  the  portal  vein. 
If  the  vena  porta  be  ligatured,  an  effect  corresponding  to  the 
magnitude  of  the  vessel  is  produced,  the  secretion  is  arrested,  and 
the  animal  dies;  but  it  has  bocti  said  that  the  secretion  continues 
in  the  peripheral  part  of  the  lobules.  If  both  the  portal  vein  and 
hepatic  artery  are  ligatured,  the  secretiuu  at  once  stopw. 

The  force  with  which  the  bile  is  secreted  is  very  small.  That 
is  to  say,  the  pressure  in  the  duets  never  exceeds  that  of  the  blood 
as  occurs  in  the  salivary  glands ;  but,  on  the  contrary,  when  a 
pressure  of  about  16  mm.  (.03  in.)  mercui-y  is  attained,  the  evac- 
uation of  the  bile  ceases,  and  with  a  little  increase  of  opposing 
force  the  fluid  iu  the  manometer  retreats  and  finds  its  way  into 
the  blood.  The  low  pressure  which  can  be  reached  in  the  gall 
ducts  does  not  imply  any  want  of  secretory  power  on  the  part  of 
the  liver  cells,  but  merely  that  there  exists  a  great  facility  of 
communication  between  the  duct  radicles  and  the  bloodvessels, 
most  probably  through  the  medium  of  the  lym])hntics.  This  is 
made  obvious  by  experiment,  by  which  it  can  be  sliowu  that  with  a 
comparatively  low  pressure  (200  mm.  =  nearly  8  in.  of  water  for  a 
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guinea-pig)  any  fluid  can  be  forced  into  the  circulation  from  tlie 
bile  ducts. 

It  18  observable  also  in  the  stoppage  of  the  bile  ducts  in  the 
human  subject,  when  some  at  least  of  the  bile  constituents  con- 
tinue to  be  lormed,  and  pass  into  llie  bloo<l,  where  their  presence 
is  demonstrated  by  the  yellow  color  characteristic  of  jaundice. 
The  ready  evatualion  of  the  bile  is  then  a  matter  of  great  imiwrt- 
ance  for  health,  the  least  check  to  its  free  exit  causing  the  secre- 
tion, or  as  it  might  be  efjimlly  well  called  excretion,  to  be  forced 
into  the  cirulatiug  blood  instead  uf  into  the  gali  pa.ssages.  Under 
normal  circumstances,  the  large  receptacle  of  the  gall-bladder 
being  always  ready  to  receive  the  bile  in.sures  its  easy  exit  from 
the  ducts,  but  the  forces  which  cau°e  its  (low  are  extremely  weak. 
The  smooth  muscle  in  the  walls  of  the  duct  seems  rather  for  the 
purpose  of  regulating  than  aiding  the  flow. 

When  food  from  tlie  stomach  begiik-i  to  flow  into  theduo<lenum, 
the  muscular  coat  of  the  gall-bladder  contracts  and  sends  t>  flow 
of  bito  into  the  intestine,  vvhicli  action  is  doubtless  brought  about 
by  a  reflex  nerve  impulse,  for  it  is  only  when  tbis  part  is  stim- 
ulated that  the  bile  flows  freely  from  the  bladder,  and  the  acid 
gastric  contents  seem  to  be  the  most  efijcacious  slinvulus. 

In  the  human  subject  the  inmntity  of  bile  secreted  has  been 
found  to  be  about  COO  cc.  (21  oz. )  per  diem  in  ca.ses  where  there 
were  biliary  fistula\  Tbis  would  equal  about  13  grms.  per  kilo 
of  the  body- weight. 

In  the  guinea-pig  and  rabbit  it  has  been  estimated  to  be  about 
150  grms.  per  kilo  body-weight. 


Functions  of  the  Bile. 


1.  As  Excrement. — Although  the  great  bulk  of  the  bile  is  re- 
absorbed from  the  intestinal  tract  into  the  blood,  and  again  used 
in  the  economy,  some  of  its  constituents  pass  ofl'  with  the  ficces, 
and  are  no  doubt  simply  excreiuentitious  matters  that  must  begot 
rid  of.  Thus  all  the  cholesteriu,  mucus,  and  coloring  matter  are 
normally  elirainate<l,  and  a  considerable  quantity  of  the  bile  acids 
are  split  up,  the  cholic  acid  being  found  in  the  faeces. 
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2.  ^8  a  stimulaiU,  the  bile  is  of  considerable  use,  for  it  excites 
the  muscles  of  the  intestine  to  increased  action,  and  thereby  aids 
in  absorption  and  promotes  the  forward  movement  of  the  food, 
and  more  particularly  of  those  insoluble  materials  which  have  to 
be  evacuated  per  anum:  this  stimulation  may  amount  to  mild 
purging. 

3.  Moistening  and  lubricating. — The  bile  adds  to  the  iogesta 
an  abundant  supply  of  -feed  and  mucus,  much  of  which  passes 
along  the  intestine  to  moisten  and  lubricate  the  fasces  and  facili- 
tate their  evacuation.  In  cases  of  jaundice,  or  when  the  bile  is 
removed  by  a  fistula,  the  fisces  are  hard  and  friable,  and  with 
diifieulty  expelled, owing  to  the  deheient  fluid  and  mucus,  as  well 
as  to  the  weaker  peristaltic  movements. 

4.  As  an  Antiseptic,  the  bile  is  said  to  have  au  important  func- 
tion to  perform.  Possibly  it  restricts  the  formation  of  certain  of 
the  bye  products,  such  as  the  indol  resulting  from  pancreatic 
digestion,  but  it  is  not  aseptic,  since  bacteria  abound  and  thrive 
in  the  intestine. 

5.  Emulnfieation  of  fata. — The  bile  has  no  doubt  some  power  of 
forming  an  emulsion,  but  in  a  far  less  degree  than  the  secretion 
of  the  pancreas;  however,  the  mixed  secretions  are  probably  more 
efficacious  than  either  separately,  from  the  presence  of  the  free 
fatty  acids  which  form  sohi>s  and  aid  in  forming  the  emulsion. 

6.  As  an  aid  to  absorption. — The  bite  having  some  soap  iu  so- 
lution has  a  close  relationship  to  both  watery  and  oily  fluids,  and 
possibly  on  this  account,  as  well  as  owing  to  a  peculiar  power 
possessed  by  the  bile  salts,  a  mcmbraue  saturated  with  bile  allows 
an  emulsion  of  fat  to  pass  through  it  much  more  readily  than  if 
the  same  membrane  were  kept  moistened  with  water.  This  can 
bo  seen  experimentally  with  filter-paper. 

7.  By  neutralizing  aciditij  and  precipitating  peptones. — When 
the  acid  contents  of  the  stomach  are  poured  into  the  duodenum 
and  meet  with  a  gush  of  alkaline  bile — a  copious  cheesy  precipi- 
tate is  formed  which  clings  to  the  wall  of  the  intestine.  This 
precipitate  consi-sts  partly  of  acid  albumin  ( parapeptone)  and 
peptones  thrown  down  by  the  strong  solution  of  bile  salts,  and 
partly  of  bile  acids,  the  salts  of  which  have  been  decomposed  by 
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dw  hydrochlorio  acid  of  the  gastric  juice.  With  the  bile  add* 
die  pepain  is  mechanically  carried  down.  Thus,  immediately  on 
their  entrance  into  the  duodenum  the  peptic  digestion  of  Uie 
gastric  contents  is  suddenly  stopped  not  only  by  the  precipitation 
of  the  soluble  peptones  and  the  shrinking  of  the  swollen  para- 
peptone,  but  also  by  the  removal  of  the  pepain  itself  from  the 
fluid  and  the  neutralization  of  the  gastric  fluid  by  the  alkaline 
bile. 

By  thus  checking  the  action  of  the  gastric  ferment  the  bile 
prepares  the  chyme  for  the  actidn  of  the  pancreatic  juice. 


15 


Fio.  70. 


Portion  of  ilic  Wall  of  llie  Small  I  iitettiric  laid  open  to  show  the  valvulic 
conniventeu.     (tSrititon.) 

commoDly  called  BruDner's  gluuds,  and  are  localized  in  the  duo- 
denum, are  insignificant  in   number  when   compared  with   the 

Fi'f.  77. 


Drawing  of  transverse  section  of  the  diuHiennm  showing  Brunner'a  Glancu 
(b)  opening  into  Lieberkiilin'g  follicles  (l)  ;  (vj  villi,  (m)  mnscular  coats. 

others,  Lieberkiihu's  giiind.s,  which  are  closely  set  and  diatribuled 
over  the  entire  intestinal  tract  in  euoriuoua  uumherst. 


CHAPTER  XI. 

FUNCTIONS  OF  THE  INTESTINAL  MUCOUS  MEMBRANE. 

In  the  Mueous  Membrane  of  the  intestine  are  found  small 
lauds  of  two  distinct  kinds.     The  glands  of  one  kind,  which  are  J 
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BruDiier'ii  glands  form,  in  gome  auimak,  a  rlenite  layer  in  tbe 
Bubrnucous  tissue  of  the  l>eginniDg  of  the  duodeuum  ;  they  are 
small  branched  .saccular  glauds  resembling  mucous  glands  in 
structure.  Owing  to  their  small  si^e  the  secretion  cannot  be  ob- 
tained iu  sufEcieut  quantity  to  make  satisfactory  experiments  in 


Fig.  78. 


Section  of  ihe  Mncoiis  Menilirane  of  small  inleslinc,  showing  Lieber- 
ktihn'g  follicles  (o)  wttli  their  irrcgiilur  epilliuliuin  and  the  villi  (6)  passing 
out  of  view;  («}  MuBcularis  macoaie ;  (ti)  SulimucoiM  tiiwue.     (Cadiat.) 


respect  to  its  properties.  It  is  said  to  dissolve  albumin  and  to 
have  a  diastatic  fermentative  action,  so  that  probably  tbe  secre- 
tion is  analogous  to  that  of  the  pancreas,  as  Brunuer  originally 
supposed.  The  quantity  of  fluid  secreted  by  these  glands  is  so 
small  that  its  existence  is  not  taken  into  account  in  speaking  of 
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the  iotestinal  juice,  by  which 
is  meant  the  fluid  poured  out 
by  the  inDumerabie short  tubes 
or  follicles  of  Lieberkiihu. 

These  iatestiual  follicles  be- 
long to  a  very  simple  form  of 
gland,  each  one  Wing  a  single 
straight  depression  iu  the 
mncous  membrane  not  deep 
eudugh  to  deserve  the  name 
of  a  lube.  In  the  small  intes- 
tine they  are  set  as  closely  as 
the  villi  permit.  In  the  large 
ntcstine,  where  the  villi  are 
absent,  they  are  -more  closely 
set  and  are  also  deeper  (Fig. 
78).  They  are  bouuJe<l  by 
a  thin  basement  membrane 
which  is  embraced  by  a  close 
capillary  network  of  blood- 
vessel!*, and  are  lined  by  a 
single  layer  of  cylindrical  or 
spherical  epithelial  cells. 

The  epithelial  covering  of 
the  processes  known  as  villi, 
which  are  stiiddeii  all  over  the 
mucous  menibrune  of  the  small 
intestine,  pro<luce  some  mucus. 

Method  of  Obtaining 
Intestinal    Secretion.  — 

Considerable  difficulty  has 
been  found  in  obtaining  the 
proper  inteslinal  juice  free 
from  admixture  with  the  secre- 
tions of  the  liver  and  pancreas 
which  are  carried  along  and 

,.,..,  I  ■•      ,       •,!      mixed  with  it.     A  short  por- 

showiiif;  their  close  remdoii  l<>  epitne-  _  _       ' 

liuni.wme  nfii.e  cells  of  wliicli  ;ire<li8-  I'on  of  the  small  intestine  has, 
tended  with  mii<nig.    (Cndiat.)  however,  been  successfully  iso- 
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laled  from  the  rest  without  iujiiring  the  meseutery  or  iU  blood- 
ve(^sel^.  One  of  the  extremities  of  the  isolated  portiuu  was  closed, 
and  the  other  was  retained  by  sutures  at  an  opening  in  the  itb- 
dominai  wall.  The  cut  ends  of  the  remainder  of  the  inte^itine 
were  at  the  same  time  united,  so  that  the  continuity  of  tho  ali- 
mentary tract  was  preserved.  Thus,  a  limited  piece  of  gut  formed 
a  culde-sac  from  which  the  fluid  could  be  collected  through  a 
fistulous  opening. 

Characters  of  the  Secretion. — The  fluid  obtained  from 
such  a  fistula  i.s  a  thin  opalescent  yellowifh  fluid  with  a  strong 
alkaline  renclion  and  a  s^pecific  gravity  of  lull.  It  contains  some 
proteid  and  other  organic  material,  a  ferment  and  inorganic  salta 
in  which  sodium  carbonate  prepouderatea. 

Mode  of  Secretion. — The  aecretion  flows  but  slowly  from 

such  a  fl.sUilu,  but  the  amount  iiicre.i.ses  during  dige.stion,  showing 
that  the  secretion  of  the  intestine  is  under  the  control  of  some 
nerve  centre  which  can  call  the  entire  tract  into  action  when  one 
part  isstiraulate<!.  Moreover,  the  local  stimulation  of  the  raucous 
membrane  makes  it  red,  and  causes  it  to  pour  out  a  more  abundant 
cretion.  Beyond  this  little  is  known  of  the  nervous  mechanism 
"or  the  local  cell-changes  which  accompany  the  formation  of  the 
secretion. 


Functions  of  the  Intestinal  Juice. — All  the  properties 
of  the  secretion  of  the  pancreas  have  been  accorded  La  the  intes- 
tinal Juice.  It  is  said  to  have  a  ferment,  capable  of  being  ex- 
tracted with  glycerin,  which  can  convert  cane  sugar  and  starch 
into  grape  sugar,  and  bring  about  lactic  fermentation.  It  dis- 
solves fibrin  very  slowly  and  still  less  easily  other  proteids.  It  is 
also  said  to  emulsify  fats.  However,  the  observations  as  to  its  di- 
gestive properties  are  very  discordant,  experiments  giving  opposite 
results  in  difl'erent  animals,  ami  in  the  hands  of  difturenl  persons 
even  in  the  same  auimal.  From  the  foregoing  account  of  the  in- 
testinal secretions  it  may  be  seen  that  the  changes  which  the  va- 
rious kinds  of  food  undergo  on  their  way  through  this  part  of  tho 
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alimentary  tract  are  numerous ;  a  short  review  may  therefore  be 
useful. 

When  the  acid  gastric  chyme  flows  into  the  duodenum,  a  flow 
of  bile  takes  place  from  the  gall-bladder,  and  at  the  same  time 
the  secretions  of  the  pancreas,  Brunnor's  glands,  and  Lieberkiihn's 
follicles  are  poured  cnpiously  into  the  intestine.  The  bile  meeting 
with  the  turbid  Huid  chyme  causes  it  to  change  to  a  soft  cheesy 
jrauular  mass,  the  apj>earauce  of  which  depends  chiefly  on  the 
precipitation  and  shrinking  of  the  parapetone  and  peptones.  The 
pepsin  is  rendered  powerless,  buth  it  and  the  bile  salts  being  car- 
ried down  with  the  prcci|)itaie.  (Jastric  digestion  is  thus  arrested 
and  the  onward  flow  of  the  fluid  chyme  checked.  As  the  alkaline 
pancreatic  and  intestinal  juices  meet  this  semi-fluid  cheesy  mass, 
the  conversion  ol'slarcli  into  sugar  proceeds  rapidly,  even  the  raw 
starch  granules  being  thus  changed.  The  small  oi!  globules  come 
in  contact  with  the  alkaline  mixture  of  bile  aud  pancreatic  juice. 
The  pancreatic  secretion  sjillts  up  some  of  the  fat  separuting  the 
fatly  acid  from  tlie  glycerin  radicle.  Some  of  the  soda  of  the 
bile  salt  is  substituted  for  the  latter,  and  uniting  with  the  fatty 
acid  forms  a  soap.  lu  such  a  iiii.xture  as  this — an  alkaline  fluid 
with  proteid  and  soap  in  sdlulion — a  fine  emulsion  is  readily 
formed,  as  can  be  seen  by  ailding  sodium  carbonate  to  some  raucid 
oil.  The  free  acid  (the  cause  of  rancidity  in  the  oil)  unites  with 
some  soda  to  form  a  i-uap  which  in  the  alkaline  mixture  enables 
the  oil  to  be  converted  into  au  ennulsion  by  even  slight  agitatioD, 
so  that  the  pancreas,  by  setting  free  fatty  acid,  and  the  bile  pos- 
sibly by  contributing  some  soda,  aid  one  another  in  giving  rise  to 
a  definite  but  small  amount  of  soup. 

The  precipitated  para|)etoue  and  peptone  and  the  finely  divided 
protei<l  are  presented  to  the  pancreatic  juice  in  a  form  which  it 
can  most  easily  attack,  and  thus  the  conversion  of  proteid  into 
jieptouea  goes  on  rapidly. 

How  far  the  peculiar  action  of  trypsin  on  proteids,  converting 
them  further  into  leucin  and  tyrosin,  goes  on  in  normal  digestion 
is  not  known,  but  it  is  probable  that  the  production  of  these  bodies 
is  increased  with  the  over-abundant  ingestion  of  proteid  or  a  purely 
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nieat'diet,  and  is  then  ur^eful  as  a  means  of  preveuting  the  inju- 
rious effects  of  too  great  proteid  absorption. 

The  gastric  chyme  is  therefore  completely  changed  in  the  duo 
deniim,  and  in  the  other  parts  of  the  small  intestines  we  find  in 
its  stead  a  thin  creamy  fluid  which  clings  to  the  mucDUs  membrane, 
coats  over  its  folds  (valvulie  conniventes)  and  surrounds  the  long 
villi  of  the  jejunum,  etc.  This  intestinal  chyme  is  the  form  in 
which  the  food  is  presented  to  the  mucous  membrane  for  absorp- 
tion. It  resembles  somewhat  by  its  whiteness  the  fluid  culled 
chyle  which  flows  in  the  lacteali<,  and  t'orujerly  was  considered  to 
be  identical  with  it.  This  creamy  liniug  is  the  chief  material 
ftiund  in  the  upper  part  of  the  smull  intestine,  the  coarser  parts 
of  the  food  being  hurried  on  by  peristaltic  action  to  the  large  in- 
testine. 

[n  the  large  inteKtiue  the  secretion  of  the  long  closely-sel  Lie- 
berkiihn's  follicles  is  the  only  one  of  importance.  Its  reaction 
and  that  of  the  mucous  membrane  is  alkaline,  but  the  contents  of 
the  colon  are  acid  owing  to  certain  fermentative  changes  which  go 
on  in  this  part  of  the  intestine. 

Of  the  changes  brought  about  in  the  large  intestine  by  the 
agency  of  the  digestive  juices  we  know  but  little.  Judging  from 
the  large  size  of  the  ciecum  and  colon  in  herbivorous  animals,  we 
are  prompted  to  conclude  that  vegetable  suhstauces,  pos!<ibly  cel- 
lulose, may  be  dissolved  here,  but  we  do  not  know  how  this  is 
accomplished.  Although  devoid  of  villi,  the  large  intestine  can 
certainly  absorb  readily  such  materials  as  are  in  solution,  As 
the  insoluble  materials  pass  along  the  small  intestines  the  supply 
of  fluid  is  kept  up  to  about  the  same  standard,  the  absorption  and 
secretion  being  about  equal ;  but  in  the  large  intestine,  the  absorp- 
tion of  the  fluid  so  exceeds  the  accretion  in  amount  that  the  undi- 
gested materials  are  gradually  deprived  of  their  fluid,  and  are 
converted  into  soft  solid  maases  which  pass  on  to  be  added  to  the 
fwces. 

Owing  to  ita  absorbent  jiower  the  large  intestine  is  a  ready  and 
rapid  channel  by  which  materials  can  be  introduced  into  the 
system  in  cases  in  which  the  stomach  is  too  irritable  to  retain  food. 

The  quantity  of  fseces  evacuated  in  the  day  dei>enda  upon  the 
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kiud  oi'  diet,  being  greater  with  a  vegetable  than  meat  diet, 
averaging  about  150  grammes  a  day  (CO-250  grras.j.  This 
amount  may  be  greatly  iiicrcat-ed  by  largely  partakiug  of  iudi- 
gestible  forms  of  food.  The  more  rapid  tlie  passage  of  the  iiigesta 
through  the  intestine  the  greater  is  the  amount  of  fluid  remaining 
with  the  faices,  so  that  any  stimulaut  to  the  iuteatiual  niovemeiits 
reduces  the  consistence  of  the  fa:cca  and  faeilitatea  the  evacuation. 
The  iiotor  depends  in  a  great  measure  on  the  presence  of  indol, 
which  is  an  outcome  of  pancreatic  digestion,  aud  also  upon  the 
presence  of  certain  volatile  fatty  acids.  The  color  dejiends  upon 
the  amount  of  the  bile  pigment  and  the  degree  of  change  the  latter 
has  undergone. 

The  fa.'ces  are  composed  of  (1)  the  undigested  parts  of  the  food, 
aud  ("i)  the  useless  or  injurious  partsof  thcsecretions  of  the  various 
glands.  In  the  first  category  we  find  perfectly  indigestible  stuiTs 
such  as  yellow  elastic  tissne,  homy  structure,  portions  of  hairs  from 
animal  food,  and  cellulose  woody  fibre  and  sj)iral  vessels  from 
plants,  and  also  masses  of  digestible  substances  which  have  been 
swallowed  in  too  large  pieces  to  be  throughly  acted  on  by  the  secre- 
tions. All  forms  of  food  may  thus  ajipoar  in  the  fteces,  but  most 
commonly  vegetable  substances  are  conspicuous. 

In  the  second  category  we  lind  a  variable  quantity  of  mucus 
and  the  decomposed  coloring  matter  of  the  bile,  together  with 
some  cholic  acid,  cholcstorin,  etc. 

A  few  inorganic  substances  are  found,  mainly  those  which  difiuse 
with  diiBculty,  as  calcium  salts  and  ammonio-magucsium  phos- 
phate. 

Putrefactive   Fermentations   in   the   Intestine. — 

With  the  air  and  saliva  which  are  swallowed  mixed  with  the  food, 
largo  numbers  of  the  lower  organisms  existing  in  them  are  intro- 
duced into  the  alimentary  canal. 

The  eflect  of  these  organisms  is  to  produce  certain  fermeutative 
changea  quite  distinct  from  the  action  of  the  special  ferments 
peculiar  to  the  digestive  fluids. 

This  is  proved  by  the  composition  of  the  gases  found  iu  the  in- 
testine.    Atmospheric  air  only  is  introduced  from  without,  and 
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this  is  Dot  fouud  iu  auy  part  of  the  alimentary  tract,  the  oxygen 
soon  being  absorbed  and  the  nitrogen  left,  while  a  quantity  of 
carbonic  anhydride  and  hydrogen  from  the  fermentation  of  the 
sugar  are  set  free,  lactic  and  butyric  acids  being  produced  at  tlie 
same  time. 

lodol  and  skatol  are  also  formed  by  piitrefat'live  fermentation 
of  the  leucin  and  tyrosin,  although  tliis  is  iu  a  great  measure 
held  in  check  by  the  antiseptic  nature  of  the  bile. 

It  is  in  the  large  intestine  that  putrefactive  fermentations  have 
the  greatest  effect,  the  acid  reaction  being  caused  by  the  various 
acids  produced. 

With  regard  to  the  interesting  question, — Why  do  not  the  di- 
gestive fluids  disstilve  tlie  tissuea  of  the  organs  in  which  they  are 
contained,  we  cannot  speak  positively.  Wc  caniml  now  say  that 
the  "vital  princi|de"  has  a  protective  influence,  fur  we  know  the 
fact  that  a  tissue  being  alive  is  not  sufiicicnt  to  ward  off  tlie  diges- 
tive action  of  the  alimentary  juices,  since  the  limb  of  a  living  frog 
is  digested  when  introduced  tliroiigh  a  fiatnla  into  the  stnniach  of 
a  dog;  and  when  the  intestinal  jnice  trickles  from  a  fistuhi  the 
neigbboriug  skin,  the  snout,  and  the  tongue  of  the  Ruiinul  !^imiu 
liecoine  eaten  away  owing  to  its  licking  the  fluid,  which  rapidly 
digests  these  parts  so  as  to  destroy  the  skin  and  even  es|X)se  the 
bloodvessels. 

We  can  however  modify  John  Hunter's  statement  that  the 
resisting  power  was  associated  with  the  life  of  the  structures,  by 
saying  that  it  is  not  the  property  of  an  abstract  "  vital  priuci|)le" 
but  a  special  resisting  power  dependent  upon  the  specific  character 
of  the  vital  procesiies  of  certain  textures. 
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ABSORPTION. 


: 


In  orrler  that  the  food-stuffs  when  altered  by  the  various  pro- 
cessc.i  described  under  digestion,  niny  be  of  any  real  use  to  the 
economy,  the  nutritive  materials  must  lie  distriluitcd  through  the 
textures  and  organs.  For  this  purpose  they  must  pass  through 
t'le  lining  membrane  of  the  alimentary  canal,  and  obtain  ad- 
mission to  the  blood,  which  is  the  common  mode  of  iutercom- 
numicntiou  between  the  various  parts  of  the  body. 

The  nutrient  part  of  the  foo<l  has  then  to  be  (ibmrbed  nut  of 
the  alimentary  canal  by  the  surrounding  tissues,  and  uiixed  with 
the  general  circulating  fluid. 

But  the  blood  is  separated  from  the  intestinal  contents  by  a 
barrier,  which  for  it  at  least  is  iinpas^iable,  although  it  exerts  con- 
siderable pressure,  and  therefore  tends  to  burst  out  from  the 
vessels. 

The  question  then  arises — How  does  the  elaborated  chyme 
make  its  way  through  this  barrier,  which  is  sufficient  to  prevent 
the  flow  of  blood  into  the  intestiual  tract? 

The  general  answer  is  easily  given,  vi«. :  the  blood  cannot  pass 
through  an  animal  membrane.  But  this  is  not  a  satisfactory  so- 
lution of  the  question,  for  sometimes,  under  certnin  circumstancea, 
the  blood  does  pass  through  the  wall  of  the  vessels,  and  normally 
the  plasma  escapes  from  the  capillaries  into  the  tissues,  in  order 
to  nourish  them.  We  must  further  remember,  in  considering 
this  point,  that  the  wall  of  the  vessels  and  the  membrane  lining 
of  the  intestine  are  both  made  up  of  living  cells  which  are  en- 
dowed with  a  cajiabiJity,  coincident  with  their  lives,  of  con- 
trolling any  passage  through  or  between  them.  Some  of  these 
cell-guards,  which  we  might  call  secreting  agents,  do  allow,  or 
rather  cause  a  passage  of  fluid  from  the  blood  to  the  intestinal 
cavity,  and,  as  we  shall   preseatly  see,  others  of  tbem  induce  a 
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passage  of  the  nutritious  materials  from  the  intestinal  canal  into 
the  surrounding  tissues. 


Fk).  f<0. 


Dingram  showing  ihe  Counse  of  llie  Main  Trunks  of  the  AbBorbent  Sy»- 
tom.  The  lyin|ihatic5t  of  lower  extremities,  etc.,  meeting  ihe  Incteals  of  in- 
testines at  the  rcceptiiciiliim  i-hyli  IK.  c),  which  opens  into  the  thoracic 
dact.  Tlie  superficial  vessels  arc  shown  in  the  diagrum  on  the  left  arm  and 
1^  (s.),  and  the  deeper  ones  on  the  arm  tu  the  right  (c).  The  glands  are 
here  and  there  shown  in  groups.  The  small  right  duct  opens  into  the 
veins  on  the  right  side.  The  thoracic  duct  discharges  into  the  onion  of 
the  great  veins  of  the  left  side  of  the  neck  (t.). 

In  order  clearly  to  understand  the  method  by  which  absorp- 
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tion  is  accomplished,  it  is  uecessary  to  have  some  idea  of  the 
absorbent  system  generally;  it  may  be  well,  therefore,  at  this 
place  to  give  a  brief  account  of  the  construction  of  the  special 
apparatus  which  carries  on  this  function.  Although  the  ab- 
sorbent vessels  form  one  continuous  system,  they  may  be  eua- 
venieutly  divided  into  two  province.",  namely,  interstitial  and  sur- 
face absorption.  A  certain  modification  of  the  latter  called  the 
lacteal  system  occurs  iu  the  alimentary  canal,  and  in  described 
under  intestinal  absorption. 

^~  I.  Iitterttiliul  Absorption. 

The  blood  flowing  through  the  body  in  delicate  capillary  vessels 
yields  to  the  various  tissues  a  kind  of  irrigation  stream  of  plasma, 
which,  leaving  the  capillaries,  permeates  their  substance  so  that 


Fio.  8L 


Tendon  of  mousc'v  tnil  trentrd  with  nilmle  uf  tiilver,  sliowing  clefts  or 
oell-spsoA  around  the  bundles  of  fibrils  or  white  patchat,  Thene  interstices 
may  be  called  the  smallest  Iriiiph-clinniieU  or  spaceit.     (SchafTer.] 


every  texture  is  saturated  with  nutrient  fluid.  The  surplus  of 
this  irrigation  stream  is  collected  and  carried  back  to  the  blood 
current  by  a  special  set  of  fine  vessels  with  slender  walls,  called 
the  lymph  vascular  system,  which  act  as  drains  to  the  tissues,  and 
pour  their  contents  into  the  veins. 

When  the  nutrient  fluid  escapes  from  the  capillaries,  it  lies  in 
the  interstices  iu  the  tissue  elements,  and  here  bathes  the  tissue 
cells  which  commonly  occupy  these  interstices.    (Figs. 81  and  86.) 

Communicating  freely  with  the  interstices  of  the  tis.sues  are  ir- 
regular anastomosing  flattened  channels,  which  convey  the  lymph 
or  any  fluid  forced  between  the  tissues  into  vessels  with  more  defi- 


k 


LYMPHATIC  SYSTEM. 


189 


nite  walls.  Theae  vessels,  which  are  lined  with  characteristic 
endotheliurn,  form  a  more  or  less  dense  network  ot"  lymphatic 
capillaries,  from  which  spring  the  tributaries  of  the  lymph  ves- 
sels.    (Figs.  82  and  83.) 

The  lyraphaticvesselsare  throughout  slender  thin-walled  chan- 
nels with  close-set  valves,  usually  in  pairs,  and  with  frequent 
anastomoses.     They  lie  imbedded   in  the  connective  tissue,  and 

Fio.  82. 


Lvrnpli  Chunnela  from  the  tlioracic  aide  of  tlie  central  tendon  of  the 

diaphragm  of  the  rntilnl,  trcattjil  with  silver  nitrate.  The  fine  lines  indie.ite 
the  boundaries  of  llie  emlotlielium  ceUa  lining  the  lymph  channels.  The 
dark  part  hIiows  the  islets  between  the  lymphatic  network.    (Klein.) 

when  empty  are  difficult  to  see,  owing  to  their  extreme  delicacy. 
They  converge  towards  a  central  vessel  called  the  thoracic  duct, 
which,  passing  from  the  abdomiual  cavity,  through  the  thorax, 
reaches  the  left  side  of  the  neck,  and  opens  into  the  angle  of 
junction  of  the  two  great  veins  from  the  head  and  upper  ex- 
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tremity.  (Fig.  80.)  On  the  right  side  a  smaller  trunk  convey- 
ing the  lymph  from  the  right  arm  and  that  side  of  the  head, 
chest,  and  neck,  opens  into  the  corresponding  venous  trunks. 

The  thoracic  duct  is  much   larger  than  any  of  the  numerous 
tributaries  which  enter  it  at  close  intervals  from  all  directions. 


Fio.  83. 


Diagram  of  a  Lymphatic  Gland,  showing  {u  I)  afTerent  and  {t  I)  efferent 
lymphatic  vessels;  (c)  Cortical  substance;  (m)  Medullary  sulwtance ;  (e) 
Fibrous  coat  sending  trnbeculit  ((r)  into  tlie  substance  of  llie  gland,  where 
tliey  branch,  and  in  tlie  medullary  part  form  a  reticulum,  the  trabeculie  are 
surrounded  by  the  lymph  path  or  sinus,  which  separatee  them  from  the 
adenoid  tissue  (/  A).     (Sharpey.) 

Its  lower  extremity  or  point  of  origin  is  an  irregular  dilata- 
tion called  the  receptaeulum  chyli,  because  the  lymphatic  vessels 
from  the  stomach  and  intestines,  or  lacteals  as  ihey  are  called, 
pour  their  contents  into  it.  The  chyle  from  the  intestines  thus 
flows  into  the  same  channel  as  the  lymph  which  is  derived  from 
the  drainage  of  the  tissues  and  organs  of  the  lower  extremity, 
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the  Irunk  and  lefl  side  of  the  head,  and  neck,  and  arm  ;  aud  the 
two  fluids  are  mixed  iu  the  receptaculuni  chyli,  and  the  other 
parts  of  the  thoracic  duct. 

Along  the  course  of  the  lymphatic  vessels  are  numerous  small 
bodies  called  lymphatic  glands  or  follicles,  which  are  composed 

Fig.  84. 


Lvinpliuiic  Nelwurk  l'ron>  between  the  Muscle  dials  oftbc  IntcMliual  Wall, 
witli  fine  veaiels  and  tnnny  valves,  causing  the  whIIa  to  bulge.    (Cndiat.) 

of  masses  of  a  delicate  trellis-work  of  adenoid  tissue,  packed  with 
nucleated  protoplasmic  cells,  called  lymph  corpuscles,  the  com- 
bination raakinf^  what  is  known  as  lymphoid  tissue.  (Figs.  83, 84, 
and  85.)  These  masses  of  cells  and  their  delicate  supporting 
reticulum  are  inclosed  in  a  fibrous  case  or  capsule,  from  which 
branching  trabeculee  pass  into  the  gland  and  separate  the  masses 
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of  lymphoid  tissue  from  one  auother.  Through  the  convex  side 
of  the  capsule  the  lymph  channels  enter  and  pour  their  conteut^j. 
The  lymph  then  flows  through  irregular  paths,  which  lie  between 
the  lymph  follicles  next  to  the  capsule  and  trabeculse,  and  lead  to 
the  concavity  of  the  gland  from  which  the  efferent  vessel  escapes. 
These  lytnph  glands  occur  in  groups  in  the  flexures  of  the 
limbs,  the  recesses  of  the  neck,  and  the  thoracic  and  abdoininal 


Section  tlirougb  the  ventral  ur  iiioJulhiry  purt  ol'  a  Lyinplintiu  Gland, 
showing  adenuid  tissue  (<i)  containing  c.^pitlllries  (6)  and  a  tibruus  tral>eculii 
(e)  containing  an  artery.    (Cadial.) 

cavities,  a  large  number  being  placed  in  the  mesentery,  in  the 
course  of  the  intestinal  lacteals. 

In  the  submucous  tissue  of  the  iotesttue  there  is  much  of  this 
lymphoid  tissue,  arranged  in  numerous  small  follicles,  which, 
doubtless,  have  a  similar  function  to  the  lymph  glands  found 
elsewhere. 

There  are  various  modes  of  origin  of  the  lymphatic  vessels 
which  are  more  or  less  characteristic  of  the  different  parts  in 
which  they  occur. 
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In  the  coDoecUve  and  allied  tiasues  there  are  vnrioualy-formed 
fisfurea  or  splits,  whicli  can  be  filled  with  fluid  turcud  into  the 
tisi^ues  by  piiocturiDg  the  ekin  witli  fbe  nozzle  of  a  fiae  gyrioge, 
such  as  is  used  for  hypodermic  iajectiou. 

These  fissures  coataia  the  prutoplaemic  units  of  the  tissue,  aud 
traosmit  the  ordinary  trausudation  atreara  for  nourishing  the  tis- 

Fio.  86. 


CleflH  in  the  rurnciil  Tissue  of  «  Friig  treiiti'd  «  itii  nitrate  of  silver,  which 
leaves  tlie  spttces  clear  and  etains  the  intermediate  atriirtiire.  These  cleflK 
(n)  and  their  processes  (h)  form  the  lyni|>h  canalictilHri«y8tem,nnd  at  (hesaoie 
time  are  the  spaces  in  wliicli  the  corneal  corpuscles  reside.     (Klein.) 

sues.  They  freely  coraraunicate  one  with  another,  and  lead  into 
the  beginnings  of  the  network  of  lymphatic  capillaries. 

The  lymph  capillaries  run  midway  between  the  blood  capilla- 
laries,  and  are  made  up  of  a  single  layer  of  iiticteated  endothelial 
cells,  which  can  be  brought  to  light  with  silver  staining. 

In  some  tissues,  such  as  that  of  the  central  nervous  .system,  the 
liver  and  bone,  the  lymph  vessels  commence  as  channels  eucir- 
ding  the  bloodvessels,  or  perivascular  lymph  spaces,  as  they  are 
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called.  Here  the  lymph  channelij  form  a  kind  of  sbeath  for  the 
minute  bloodvessels,  and  pasa  along  to  the  connective  tissue  form- 
iQg  the  adventitia. 

Fio.  87. 


EiidoLheliiim  frvui  lierouii  curfkce  wiiiiuiit  »lomaU  (nitrate  of  silver). 

The  lymph  vessels  may  also  be  said  to  commence  ou  the  surface 
of  serous  Tucmbranes  which  are  intimately  connected  with  the 
lymphatic  system,  and  may  indeed  bo  regarded  as  nothing  more 


Via.  88. 


Eodotlielhim  from  geroiu  surface  with  HtumaUi  surrounded  with  granular 
protoplastnic  cells. 

than  exaggerated  lymph  spaces.  In  most  parts  of  the  endothelial 
surface  of  serous  cavities  are  a  number  of  so-called  stomata,  or 
small  apertures  surrounded  by  a  few  cells,  which  differ  from  the 
ordinary  endothelial  celts  in  every  respect,  and  probably  have 
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to  control  the  passage  of  tlie  fluid  from  the  serous  cavity  into 
the  lymph  vessels.  These  Momata  may  be  regarded  as  the  cora- 
mencement  of  the  dense  network  of  lymph  capillaries,  which 
lie  in  the  subserous  tissue. 


Fio 


II.  Integtinal  Absorption. 

The  intestinal  absorbents  are  merely  a  special  department  of 
the  lymphatic  system,  which,  on  account  of  the  white  chyle  they 
carry  being  seen  through  their  trans- 
parent walls,  have  been  called  lac- 
teals,  their  function  being  to  take  up 
the  uutrient  fluid  from  the  intestinal 
cavity,  as  well  as  to  drain  the  tissue 
in  which  they  lie.  In  order  to  fulfil 
their  functiou,  they  are  arranged  in 
a  particular  way,  especially  adapted 
to  the  peculiar  construction  of  the 
mucous  membrane  lining  this  part  of 
the  alimentary  tract,  which  must  be 
briefly  described  before  the  mechau- 
isru  of  absorption  can  be  understood. 

The  most  striking  characteristic  of 
the  lining  membrane  of  the  small  in- 
testine is  the  existence  of  villi,  which 
are  only  found  in  this  part  of  the  ali- 
mentary tract.  They  consist  of  nip- 
ple-shaped processes  projecting  iuto 
the  intestiual  cavity,  so  closely  set  that 
they  have  the  appearance  of  the  pile 

of  velvet;  and  being  just  visible  to  the  naked  eye,  they  give  the 
mucous  membrane,  when  washed  and  held  under  water,  a  pecu- 
liar velvety  look.  On  account  of  th&se  villi,  and  also  of  the 
ring-like  folds  of  mucous  membrane  in  the  upper  part  of  the 
small  intestine,  the  extent  of  surface  over  which  the  chyme  has 
to  travel  is  greatly  increased. 

The  surface  of  the  villi  in  covered  over  with  a  simple  layer  of 
columnar  epithelial  cells  in  continuity  with  the  epithelium  liniug 


Diagntiri  of  relatinn  of 
tlie  ej)itlii'litini  to  liie  lac- 
teal nt<)i('ul  in  viltux.  Tiie 
prolo|>liianiie  epillielial 
cells  aujjposcd  to  be  con- 
necle<t  to  the  abnorbent 
vessel  by  mlenoid  tissue. 
(After  Ftinke.) 
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the  rest  of  the  inleiitiiial  tract.  The  free  surface  of  these  cells  is 
marked  by  a  clear  inargia  which  w  composed  of  a  row  of  minute 
rods  closely  packed  together,  while  the  deep-seated  end  of  the 
cells  is  bninchcil,  ami  a]ii)ears  to  he  prolorif^ed  into  the  substance 
of  the  villus  and  in  some  way  to  be  connected  with  the  support- 

Fio.  90. 


Set-tlon  of  Intestine  of  a  Dog  in  wliiili  ilic  lili>odvesselH  (i-(  nnd  the  lac 
teals  (rf)  linve  lieen  iiijectct).  Tlie  blind  ending  or  simple  loopof  tlie  black 
lacteal  is  seen  to  be  surrounded  by  the  capillary  network  of  the  bloodresiwU. 
(Cadiiit.) 


ing  retiforra  tissue.  Some  of  the  celk  are  seen  to  swell  upou  the 
addition  of  certain  reagents,  owing  to  their  containing  mucus, 
which  gives  them  a  peculiar  goblet  shape  ;  hence  they  are  called 
goblet  cells.  These  cells  occur  at  interval,  and  some  observers 
consider  that  they  form  a  distinct  variety  of  cells,  difTeriug  from 
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the  neighboring  cells  just  as  the  border  cells  of  the  stomach-glands 
differ  from  (he  central  cells. 

The  body  of  the  villus  is  composed  of  a  very  delicate  kind  of 
connective  tissue,  forming  a  slender  frame  in  which  a  little  cage- 
like network  of  bloodvessels  surrounds  a  central  lacteal  radicle. 
The  interstices  of  this  connective  tissue  are  filled  with  pale  proto- 

Fio.  91. 


Diagram  of  Section  nf  the  Mucoiib  Meiiibrnneof  the  Intestine,  showing  the 
positiim  u{  tlie  lyuipli  luUieles  (u).     (Cailint.) 


plasmic  cells,  like  those  formed  in  the  lymph.  Under  the  base- 
ment membrane  forming  the  foundiiiion  of  the  fpithelitim  are 
some  uustriuted  muscle  cells  which  embrace  the  villus  and  are 
able  to  squeeze  il  and  em[)ty  the  vessel  it  contains. 

The  lacteal  radicles  which  lie  in  the  villi  are  soraetiraes  double, 
and  have  a  communication  with  the  lymph  spaces  of  the  connec- 
tive tissue.  They  frequently  branch  as  they  pass  down  from  the 
villi  to  reach  the  dcut-c  network  of  lacteal  vessels  which  lies  be- 
neath the  mucous  membrane.  At  irregular  intervals  throughout 
the  submucous  tissue  are  found  masses  of  lymphoid  tissue  similar 
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to  that  seen  in  packets  within  a  lymph  gland  or  in  other  lymph- 
follicles.  These  are  either  isolated  (solitary  glands)  or  collected 
into  groups  (agininatcd  or  Peyer's  glands).  Though  called  glands 
by  anatomists,  it  should  be  borne  in  mind  that  they  arc  in  no  way 

Fio.  92. 


Section  of  SinRle  Lvmph-foUide  of  the  Small  Inteotino,  showing  (a)  fol- 
licle covcrcil  Willi  e|iilliL'liMi)i  (h),  wliivli  Imc  fallen  fruiii  llie  villi  (r);  (dj 
Lieberkiilin'ii  follicles;  («)  Muscularia  mucoiia>.     (Ciidiat.) 

connected  with  the  secretion  of  any  of  the  intestinal  juices,  hut 
belong  to  the  aKaorhing  arrangements  of  the  intestine.  Around 
these  solitary  and  grouped  lymph-follicles  are  spaces  and  net- 
works from  which  the  lacteal  vessels  arise  (Fig.  93). 


Mechanism  of  ABaoRPTiON. 

Formerly  absorption  was  supposed  to  take  place  by  means  of 
the  bloodvessels  alone,  but  after  the  discovery  of  lymph  and  chyle 
vessels  by  Caspar  Asellius  the  belief  in  the  direct  absorption  by 
the  bloodvessels  was  completely  abandoned,  and  all  the  work  of 
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absorption  was  attributed  to  the  lymphatics.  However,  ample 
evidence  exists  to  show  that  substances  capable  of  absorption  can 
maice  their  way  into  the  bloodvessels  of  any  part  not  protected 
by  an  impermeable  covering  like  the  horny  layer  of  the  skin, 


KKi   m. 


Section  thmiiifli  the  Inleslinal  Wall  in  tlie  neiglib<irh(X)(l  of  the  groiijxHi 
Ijinph-follioles  (/)  (Pover's  patch),  showinf;  the  u|)[)er  narrow  (i)  and  the 
deep  wide  (c)  lyn]]ihntic  plei 


and  thus  be  carried  directly  to  the  general  circulation.  The  share 
taken  by  the  bloodvessels  in  interstitial  absorption  iu  the  tissues 
is  not  defined,  and  when  no  impediment  to  the  lymph-fiow  exists 
is  probably  very  small. 

In  the  absorption  from  the  alimentary  tract,  however,  the 
bloodvessels  appear  to  take  a  considerable  part. 

How  far  the  tissue  interspaces  and  the  local  lymph-channels, 


many  of  which  Burround  the  bloodvessels,  aid  in  the  passage  of 
substances  into  the  blood-currents,  is  not  known  ;  but  most  likely 
they  have  f>orae  such  effect,  for  the  experiments  showing  direct 
absorption  by  the  bloodvessels  leave  the  local  lymph-chaunels  in 
operation,  while  at  the  same  time  the  normal  flow  of  lymph 
towards  (he  thoracic  duct  is  more  or  leas  prevented. 

Any  part  which  has  only  the  protection  of  a  single  layer  of 
epithelial  cells  well  supplied  with  superficial  bloodvessels  has  also 
a  supply  of  absorbent  vessels,  and  therefore  is  capable  of  absorb- 
ing materials  in  solution  which  are  in  contact  with  the  surface, 
and  large  quantities  of  fluids  and  solutions  of  various  materials 
are  absorbed  from  the  stomach  and  large  intestine — partly,  no 
doubt,  by  means  of  the  lacteals  or  lymphatics,  and  partly  by  the 
minute  bloodvessels  themselves. 

However,  the  small  intestine  seems  to  be  the  part  of  the  ali- 
mentary tract  which  is  especially  adapted  for  taking  up  the  ma- 
terials elaborated  from  the  food. 

In  the  upper  part  of  the  small  intestine  the  valvulce  conni 
ventea  are  most  marked,  and  the  villi  are  long  and  closely  set 
together.  It  is  here  wo  find  the  thickest  layer  of  creamy  chyme 
covering  the  mucous  membrane,  but  seldom  any  masses  of  par- 
tially digested  food.  All  these  points,  which  are  directly  relate*! 
to  absorption,  tend  to  show  that  the  upper  part  of  the  intestine  is 
the  part  specially  adapted  for  this  purpose.  The  chyme  which 
clings  to  the  mucous  membrane  contains  all  the  substances  which 
are  destined  to  pass  into  the  economy.  Into  this  mixture  the 
villi  dip,  so  that  each  villus  is  completely  bathed  with  chyme. 
From  what  has  been  said  of  the  construction  of  the  villi  it  is  ob- 
vious that  ?uch  an  arrangement  is  admirably  well  adapted  to  the 
absorption  of  the  nutrient  material,  which  has  every  facility  for 
making  its  way  into  the  lacteals  and  bloodvessels. 

The  principal  ingredients  in  the  chyme  may  now  be  examined 
in  detail  with  reference  to  their  powers  of  being  absorbed. 

Water  can  be  absorbed  from  the  intestinal  tract  in  almost  un- 
limited quantity,  but  not  so  with  solutions  of  salts.  The  amount 
of  the  solution  of  any  salt  capable  of  absorption  seems  to  depend 
on  its  endosmotic  equivalent.     The  lower  the  endneniotic  equiva- 
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lent  the  more  readily  the  solutiou  passes  into  the  bloodvessels. 
In  those  cases  where  the  equivalent  is  very  high,  such  as  mag- 
nesium sulphate,  there  is  a  tendency  of  the  fluid  to  pass  out  from 
the  bloodvessels  into  the  iutestiniil  cavity  ;  hence  the  watery  stools 
CAUsed  by  this  and  puch-like  saline  purgatives. 

Among  the  carbohydrates  we  need  only  take  into  account 
the  sugars,  for  starch  nuchaugcd  is  but  little,  if  at  all,  absorbed. 
Only  a  certain  quantity  of  sugar  can  be  taken  up  by  the  intesti- 
nal abforbents,  since  some  is  found  in  the  ffeces  when  the  amount 
taken  with  the  AxmI  exceeds  a  certain  quantity.  Some  of  the 
eagar  in  the  intestine,  moreover,  undergoes  fermentation,  by  which 
it  is  converted  into  lactic  and  butyric  acid.  How  much  of  the 
sugar  is  absorbed  as  lactic  and  butyric  acid  has  not  been  deter- 
mined, but  the  amount  of  sugar  found  in  the  portal  vessels  or 
lacteals  does  not  at  all  correspond  with  the  amouot  that  disap- 
pears from  the  cavity  of  the  intestine. 

Ordinary  proteids,  being  colloids,  can  only  pass  slowly  through 
an  animal  membrane,  hence  they  are  said  to  be  changed  into  pep- 
tones under  ordinary  circumstances  before  they  are  ab.«orbed. 
Their  absorption  take^  place  chiefly  in  the  stomach,  and  is  com- 
pleted in  the  small  intestine,  as  only  a  small  quantity  of  albu- 
minous substances  is  found  in  the  large  intestine  even  after  an 
excenive  meat  diet.  The  more  concentrated  the  solutions  of  pep- 
tones are  the  more  rapidly  are  they  absorbed,  and  the  rate  of 
absorption  is  greatest  at  first  and  then  by  degrees  diminishes. 
The  presence  of  alkali  is  also  said  to  facilitate  the  absorptiuu  of 
peptones.  It  is  a  curious  fact  that  neither  in  the  lacteals  nor  in 
the  portal  blood  can  any  quantity  of  peptone  be  found,  even  dur- 
ing active  proleid  digestion  ;  so  that  it  i.>*  impossible  to  trace  out 
their  course  as  peptones,  or  to  say  by  which  set  of  channels  they 
reach  the  blood.  If  we  assume  that  all  proteids  must  be  absorbed 
as  diflTusible  peptone,  we  are  forced  to  conclude  that  during  their 
passage  from  the  intestinal  cavity  they  must  be  reconverted  into 
ordinary  proteids.  But  we  know  that  soluble  forms  of  albumin 
are  to  some  extent  diffusible  (when  a  solution  of  salt  is  used) 
through  a  dead  animal  membrane.    But  even  were  this  quite  im- 
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powible  it  would  oot  preclude  the  poambiiity  of  their  passing 
through  the  inteetinal  wail,  which  presents  do  such  obstacle,  for  it 
in  a  living  «lnicture  that  can  overcome  such  physical  difBcultiea 
n«  the  ooo-ditrusioo  of  colloids.  When  we  know  that  solid  pai^ 
ticleB  of  fat  can  enter  the  lacteals  we  can  have  no  difficulty  in  be- 
lieving that  a  solution  of  albumin  is  admitted.  We  may  then 
conclude  that  it  is  not  only  possible,  but  even  probable,  that  a 
good  deal  of  proteid  is  absorbed  as  ordinary  soluble  albumin.  A 
rcrlain  limit  to  proteid  absorption  exists,  so  that  any  albuminous 
malvriaU  al'ove  the  miiximum  that  escape  conversion  into  leucin 
and  tyrosin  are  thrown  off  with  the  fxces. 

In  the  absorption  of  water,  watery  solutions  of  salts,  sugars, 
and  [Kjptones,  there  are  no  physical  difficulties  to  be  got  over; 
BO  that  we  are  in  the  habit  of  speaking  confidently  about  the 
mechanism  of  their  absorption,  although  in  all  probability  many 
circumstances  of  which  we  are  ignorant  co-operate  in  bringing 
about  the  results  which  seem  to  us  so  simple. 

It  is  oot  the  same,  however,  with  the  fatty  food-stufl^.  A  small 
quantity  of  these  may  no  doubt  be  split  up  into  soluble  glycerin 
an<l  futly  acids,  which  are  at  once  changed  into  soluble  soaps, 
and  in  this  condition  are  capable  of  simple  osmotic  transmission 
into  the  bloodvessels  or  lacteals.  However,  the  greater  portion 
of  the  fat  enters  the  lacteals  as  such  in  a  conrlition  of  a  fine  emul- 
sion, i.r.,  composed  of  solid  particles.  This  process  is  difficult  to 
reconcile  with  our  physical  experiences ;  for,  however  finely 
(livi<l'  'I  it  may  be,  fut  eraulsilied  dues  not  p&sa  through  an  animal 
membrane  more  freely  thnii  ordinary  fluid  fat.  The  fat  emulsion 
is  chiefly  taken  up  by  the  villi  of  the  small  intestines,  as  in  the 
stomach  it  exists  only  in  large  fluid  masses  or  globules,  and  the 
amount  of  fat  foun<l  in  the  large  iotestiue  is  small,  unless  used  as 
food  in  great  excess,  This  can  also  be  seen  in  examining  the  ab- 
sorbent vessels  after  a  fatty  meal  when  those  which  carry  mate- 
rialH  from  the  stomach  and  large  intestine  are  clear  and  trans- 
pnri-nl,  whilp  those  coming  from  the  giimll  intestines  are  filled 
with  the  whik'  ttiilky  fluid  which  gives  them  their  special  name 
of  lacteals.  There  is  a  limit  to  the  absorbent  capacity  of  the 
intestine  for  fatty  matters,  for  when  a  great  excess  of  fat  is  eaten 
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it  appears  with  the  excrement,  sometimes  giving  rise  to  adipose 
diarrhcea,  thus  showing  that  the  amount  has  exceeded  this  limit. 

The  important  question  remains,  how  does  the  fat  emulsion 
make  its  way  through  the  intestinal  mucous  membrane  ?  That 
it  really  does  so  there  can  be  no  shadow  of  doubt;  for  it  disap- 
pears from  the  intestinal  cavity,  and  can  be  detected  in  the  chyle 
with  the  aid  of  the  microscope  more  easily  than  any  other  of  the 
intestinal  contents  that  are  absorbed. 

It  has  been  shown  that  while  a  membrane  moistened  with  water 
acts  as  a  complete  barrier  to  a  fat  emulsion,  and  only  after  pro- 
longed exposure  under  high  pressure  allows  traces  of  fats  to  pass, 
the  same  membrane  when  saturated  with  bile  will  without  pres- 
sure permit  the  passage  of  a  considerable  amount  of  oil.  It  has 
therefore  been  suggested  Ibat  the  epithelial  cells  of  the  mucous 
membrane  are  more  or  less  moistened  with  bile,  and  the  particles 
of  fat  in  the  emulsion  are  also  coated  with  a  film  of  bile  or  soap. 
Thus  they  are  enabled  to  pass  into"  the  epithelial  cells,  in  which 
they  can  be  detected  during  digestion.  The  bile  or  soapy  coating 
of  the  fat  particles  may  no  doubt  aid  iu  their  transit  through  the 
various  obstacles  on  their  way  to  the  lacteal  radicles.  But  the 
course  taken  by  the  fat  particles  can  hanily  be  explained  in  this 
way,  and  many  circumstances  force  us  to  the  belief  that  the  ac- 
tivity of  the  protoplasm  of  the  epithelial  or  of  some  special  wan- 
dering cells  is  the  real  factor  in  the  case.  When  the  fat  is  once 
scattered  through  the  protoplasm  of  the  cells  and  their  prolonga- 
tion into  the  delicate  connective  tissue  of  the  villi,  then  in  all 
probability  other  forces,  such  as  the  contraction  of  the  villi,  may 
aid  in  their  further  movement  to  the  central  lacteal  space  of  the 
villus. 

The  exact  utility  of  the  marginal  bands  of  rods  or  pores  which 
characterize  the  surface  of  the  intestinal  epithelium  is  not  known, 
though  it  is  supposed  to  be  connected  with  the  absorption  of  fats. 

We  may  conclude  then  that  the  passage  through  the  intestinal 
wall  of  some  of  the  materials  taken  as  food  may  possibly  be  ac- 
complished by  mere  physical  processes,  but  it  is  probable  that  the 
vital  activity  of  the  epithelial  cells  modifies  or  controls  their 
absorption.     The  passage  of  the  fat  can  only  be  explained  by  the 
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aid  of  the  direct  activity  of  cells  which  by  amoeboid  moTecnent 
take  up  the  fine  particles  and  pass  them  on  to  the  interstices  of 
the  connective  tissue  of  the  villi. 

Lymph  and  Chyle. 

As  these  two  fluids  are  mixed  together  in  the  thoracic  duct, 
whence  the  lymph  is  commonly  obtained  for  examination,  they 
had  better  be  considered  at  the  same  time. 

As  we  shuuld  expect,  the  fluids  coming  from  the  tissue  drain- 
age, from  the  lymphatic  glands,  and  from  the  lacteals  of  the 
alimentary  tract  form  an  opaque  mixture  which  holds  a  consider- 
able quautity  of  proleid  in  solution,  and  contains  a  number  of 
morphological  elements,  viz.:  {1),  protoplasmic  cells  similar  to 
those  found  in  the  lymph  follieles,  and  iu  most  essential  points 
identical  with  the  pale  cells  found  iu  the  blood;  (2),  some  red 
blood  corpuscles  which  give  the  fluid  in  the  thoracic  duct  a 
pinkish  color;  {<i),  &  quantity  of  very  finely  divided  fat,  which 
varies  iu  proportion  to  the  amount  of  fat  recently  digested ;  (.4), 
other  minute  particles  of  unknown  function  and  origin. 

When  removed  from  the  body  and  allowed  to  stand,  the  lymph 
becomes  converted  into  a  soft  jelly.  This  coagulation  no  doubt 
depends  upon  chemical  changes  in  the  lymph  which  give  rise  to 
fibrin.  This  subject  will  be  discussed  more  fully  iu  a  future 
chapter.  The  amount  of  fibrin  formed  in  the  lymph  is  very 
small,  mid  therefore  the  clot  ia  very  soft  and  shrinks  considerably. 
The  quantity  of  chyle  which  can  be  obtained  from  the  lacteals  is 
also  small,  aud  therefore  the  thorough  investigation  of  it  is  diffi- 
cult. The  fluid  from  the  tissues  differs  from  the  mixed  lymph  in 
appearance  and  constitution  only  during  digestion,  and  then 
chiefly  in  containing  a  greater  amount  of  fat  and  solids  derived 
from  the  intestinal  cavity.  The  lymph  of  the  thoracic  duct  con- 
tains three  forms  of  proteid  :  (1),  serum  albumin,  which  can  be 
coagulated  by  heat;  (2),  alkali  albumin  precipitated  by  neutral- 
ization ;  and  (3),  globulin.  It  also  contains  in  solution  soap, 
choleslerin,  grape-sugar,  urea,  leuciu,  and  some  salts,  particu- 
larly sodium  chloride,  and  the  sulphates  and  phosphates  of  the 
alkalies. 
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On  their  way  to  enter  into  the  blood-curreut  both  the  lymph 
and  chyle  undergo  certain  changes.  Before  paeeiog  through  the 
lymphatic  glands  the  fluid  contains  much  fewer  lymph  corpuscles 
than  after  it  has  traversed  the  glands:  from  this  fact  and  from 
the  structure  of  the  lymph  glands  we  may  conclude  that  they  are 
the  chief  sources  of  these  white  cells.  The  chyle  of  the  lacteal 
vessel  of  the  mesentery  contains  particles  of  fat  which  greatly  ex- 
ceed in  size  those  found  in  ihe  thoracic  duct,  so  we  may  infer  that 
the  fat  emulsion  undergoes  a  further  subdivision  or  modilic«tion 
on  its  way  through  the  glands. 

The  lymph  which  has  been  collected  from  the  lymph  channels 
of  the  extremities  has  been  found  to  contain  less  albumin  than 
that  coming  from  the  main  trunk,  and  after  lung  fasting  the 
lymph  from  the  thoracic  duct  has  (he  same  characters. 

The  lymph  contains  a  considerable  quantity  of  carbonic  acid 
gas,  about  50  vol.  per  cent.,  some  of  which  is  readily  removed 
by  the  air-pump,  and  is  therefore  said  to  be  merely  absorbed  by 
the  fluid,  and  some  of  which  can  only  be  removed  by  the  addi- 
tion of  acids,  and  is  therefore  considered  to  be  in  chemical  com- 
biuatiou.  Only  mere  traces  of  oxygen  have  been  found  in  the 
lymph. 

The  quantity  of  chyle  and  lymph  poured  into  the  blood  varies 
BO  much  that  any  estimation  of  the  amount  entering  in  a  given 
time  is  unreliable. 

The  following  circumstances  upon  which  the  variations  may 
depend  are  instructive: 


1.  The  ingestion  of  liquid  and  solid  food  causes  a  great  in- 

crease in  the  amount  of  chyle.  This  is  obvious  from 
the  change  in  the  state  of  the  lacteal  vessels,  which 
from  being  transparent  and  almost  empty  become 
widely  distended  and  white. 

2.  The  activity  of  any  organ  causes  an  increase  of  lymph  to 

flow  from  it. 

3.  Impediment  to  the  return  of  the  venous  blood  from  any 

part  increases  the  irrigation,  t.e.,  the  lympb. 
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4.  Increase  of  the  amount  or  the  pressure  of  the  blood  flow- 
ing through  auy  part  augrnents  the  lymph  flow. 

5.  Theadrainistration of curareincreasestheamountof lymph. 

The  history  of  the  atnictural  elements  or  lymph  corpuscles, 
which  exist  in  such  numbers  in  the  large  lymph  channels,  re- 
quires some  further  rliwussion,  as  these  cells  are  composed  of 
active  protoplasm  and  therefore  must  be  destined  for  some  im- 
portant function,  and  are  produced  by  some  vital  process. 

The  origin  of  the  lymph  corpuscle  is  not  restricted  to  any  one 
part  of  the  body  or  to  .iny  special  organ.  It  has  been  said  already 
that  the  lymphatic  glands  are  supposed  to  be  the  most  important 
source  of  these  cells,  because  the  follicular  tissue  is  filleii  with 
thcen,  aud  the  lymph  contains  a  much  larger  number  after  it  has 
passed  through  some  lymph  glauds.  In  the  lymphoid  tissue  of 
the  spleen  they  are  also  very  numerous,  and  no  doubt  many  of 
them  have  their  origin  in  that  organ  as  well  as  in  the  intestinal 
follicular  ti.ssue  and  in  the  red  marrow  of  the  bones.  Although 
their  number  is  relatively  small,  lymphatic  cells  occur  in  the 
lymph  channels  that  are  unconnected  with  a  lymphatic  gland, 
and  these  cells  no  doubt  come  from  the  blood,  which,  as  we  shall 
see, contains  many  cell  elements,  which  are  actually  the  lymph  cells 
poured  into  it  from  the  lymphatic  duct,  These  cells,  when  they 
arrive  at  the  minute  bloodvessels,  sometimes  leave  the  vessels  and 
creep  by  araffiboid  movements  into  the  interstices  of  the  tissue,  along 
with  the  irrigation  stream.  They  may  permanently  abide  in  the  tis- 
sue, or  they  may  be  washed  back  into  tlie  larger  lymph  cbaunelfl 
with  the  stream  of  surplus  lymph.  When  the  abnormal  increase 
of  activity  of  a  tissue  known  as  in  fiammation,  occurs,  this  escape  of 
the  white  cells  from  the  blood  takes  place  with  great  rapidity,  and 
the  stages  in  the  process  can  be  watched  under  the  microscope. 

Still  another  source  of  the  lymph  cells  may  bo  from  prolifera- 
tion of  the  cells  which  lie  in  the  tissues.  The  fixed  tissue-cells 
are  said  to  be  capable  of  producing  cells  identical  with  lymph 
cells,  and,  by  division,  possibly  multiply  and  produce  their  like, 
which  may  be  carried  along  by  the  lymph  stream  as  lymph  cells. 

The  enormous  number  of  cells  which  accumulate  as  pus  when 
an  abscess  forms,  are  structurally  identical  with  lymph  cells,  and 
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probably  arise  from  these  combined  sources,  viz.,  escape  from  the 
l)lood vessels  and  proliferation  of  the  tisane  cells. 

The  lymph  cells,  therefore,  whether  they  have  their  origin  in 
a  lymph  gland,  the  spleen,  or  in  connective  tisane,  perform  a  kind 
of  circuit,  going  tvith  the  lymph  into  the  blood,  and  are  distrib- 
uted with  the  latter  to  the  tissues,  whence  they  may  be  once 
more  carried  into  the  lymph  stream. 

MOTEBIENT  OF  THE   LYlin»H. 

In  some  of  the  lower  animals  small  muscular  sacs  occur  in  the 
course  of  the  main  lymph  chanitels  which  pump  the  lymph  into 
the  great  veins  by  contracting  rhythmically,  much  in  the  same 
way  as  the  heart. 

Id  man  and  the  higher  animals,  no  such  lymph  hearts  have 
been  found  ;  the  onward  movement  of  the  fluid  depends  chiefly 
on  the  pressure  with  which  the  irrigatiou  stream  leaves  the  blood- 
vessels, The  fluid  in  the  bloodvessels,  as  we  shall  presently  see, 
is  under  considerable  pressure,  which  causes  the  plasma  to  leave 
the  capillaries.  Hence,  if  a  lymphatic  trunk  be  tied,  there  is 
intense  filling  of  all  its  tributaries  until  a  great  pressure  (8-10 
mm.,  soda  solution)  is  developed  in  the  vessels. 

While  the  pressure  exerted  on  the  small  tributaries  of  the 
lymph  chaunels  is  considerable,  that  in  the  thoracic  duct  is  ex- 
tremely small,  for  the  following  reasons :  The  blood  in  the  large 
veins,  into  which  the  duct  opens,  is  under  less  pressure  tbau  in 
any  other  part  of  the  vascular  system,  owing  to  the  thoracic  suc- 
tion, or  absence  of  pressure  in  the  thorax,  caused  by  the  elastic 
traction  of  the  lungs.  In  fact,  the  pressure  in  the  large  veins, 
e.g.,  brachial,  etc.,  varies  from  0  to  — 4  mm.  Hg,  and  that  in  the 
vente  cavie  is  always  negative,  except  in  forced  expiration,  and 
varies,  according  to  the  period  of  the  respiratory  rhythm,  from 
— 5  mm.,  in  inspiration,  to  — 2  mm.  in  expiration. 

The  fact  that  the  lymph  at  the  origin  of  the  small  channels  is 
at  a  pressure  of  8  to  10  mm.  of  water,  whilst  at  the  entrance  to 
the  vein  it  is  nil,  would  be  sufficient  to  explain  the  movement, 
even  if  there  were  no  other  force  aiding  its  movement. 

It  must  be  remembered  that  every  lymph  vessel  is  furnished 
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with  cloeely  set  valves,  which  prevent  the  fluid  it  contains  from 

Fig.  94, 


Diagram  xhowing  the  Course  of  the  Main  Tninka  ot  ilie  Alworbent  Sys- 
lemi  The  lymphatics  of  lower  extreauliex,  etc.,  meeting  the  lorteals  of  in- 
testines at  the  receptaouluni  chyli  (r.  c),  which  opens  into  the  thoracic  duct. 
The  superficial  vessels  are  nhown  in  the  dingmm  on  the  left  arm  and  leg 
(b.),  and  tlie  deeper  ones  on  the  arm  to  the  right  (d.).  The  glands  are  here 
aod  there  shown  in  groups.  The  small  right  duct  opens  into  the  veins  on 
the  right  side.  The  thoracic  duct  discharges  into  the  union  of  the  great 
reins  of  the  left  side  of  the  neck  (t.). 

being  forced  backwards,  so  that  any  accidental  local  pressure  exer- 
cised on  the  exterior  of  a  lymph  channel  helps  the  fluid  onwards 
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to  the  veins.  Along  their  entire  extent  these  vessels  are  subject 
to  certain  forces  which  must  materially  aid  the  flow  of  the  lymph 
stream.  The  first  of  these  is  the  pressure  exerted  on  the  small 
vessels  by  the  movement  of  the  muscles  in  the  neighborhood. 
The  second  is  the  unequal  distribution  of  atmospheric  pressure, 
which  has  full  force  on  the  peripheral  channels,  but  is  kept  off 
the  thoracic  duct  and  its  termination,  as  already  mentioned,  by 
the  rigidity  of  the  thoracic  wall,  which,  together  with  the  tendency 
of  the  elastic  lungs  to  shrink, causes  a  permanent  negative  pressure 
in  the  thoracic  cavity  through  which  the  duct  passes.  And  lastly, 
the  thin-walled  lymphatics  are  everywhere  surrounded  with  very 
elastic  textures,  inclosed  in  an  elastic  skin,  which  exert  an  amount 
of  pressure,  sufficient  to  empty  and  press  together  the  walls  of  the 
vessels  aft«r  death,  and  therefore  during  life  must  have  consider- 
able influence  upon  the  fluid  they  contain. 

The  movements  of  the  chyle  depend  on  the  same  forces,  with 
the  addition  of  the  power  used  in  the  contraction  of  the  villi, 
which  pump  the  chyle  from  the  lacteal  radicles  into  the  network 
of  valved  vessels  in  the  submucous  tissue. 

The  commencement  of  the  thoracic  duct  is,  moreover,  placed  in 
the  abdominal  cavity,  and  therefore  is  constantly  under  the  influ- 
ence of  the  positive  pressure  exerted  by  the  abdominal  wall  on 
the  contained  viscera.  The  rest  of  the  duct  is  in  the  thorax,  where 
the  pressure  is  habitually  negative,  but  where  certain  variations 
coincident  with  inspiration  and  expiration  take  place,  which  must 
aid  the  onward  flow  of  fluid  in  a  vessel  containing  valves  so  closely 
wt. 
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CHAPTER  Xni. 

THE  CX)NSTrTUTION  OF  THE  BLOOD  AXD   RUIOD  PLASMA. 

In  all  animals,  except  those  which  form  the  lowest  class  (Pro- 
tozoa), the  distribution  of  the  nutritious  materials  to  the  various 
parts  of  the  body,  as  well  as  the  collection  of  the  eSete  matters 
prior  to  their  expulsion,  is  carried  ou  by  the  medium  of  a  fluid 
which  circulates  through  the  different  parts  of  the  body.  This 
fluid  is  the  blood. 

In  vertebrate  animals  the  blood  passes  through  a  closed  system 
of  elastic  pipes,  aud  it  is  kept  in  constant  motiou  by  the  action  of 
a  muscular  pump.  It  is  first  forced  through  stroug-walled  branch- 
ing canals  called  arteries,  whose  walla  gradually  become  thioDer 
as  the  brauches  get  smaller,  and  Ihese  end  in  a  network  of  delicate 
chanuels  (capillaries),  through  which  it  slowly  trickles  into  the 
wide  soft-walled  veins  by  means  of  which  it  flows  gently  back 
again  to  the  heart.  In  its  course  it  receive.^  the  nutritive  materials 
from  the  stomach  and  intestines  after  digestion,  the  specially  elab. 
orated  substances  from  the  liver,  spleen,  aud  lymph  glands,  aud 
the  oxygen  absorbed  from  the  air  in  the  lungs.  In  short,  it  con- 
tains and  bears  to  their  destiuatiuu  all  the  materials  required  for 
the  chemical  chaugea  of  the  various  tissues.  While  passing 
through  the  capillary  networks  of  the  various  tissues,  it  takes  up 
the  waste  materials  resulting  from  the  lis.sue  changes  and  bears 
them  to  their  proper  point  of  exit  from  the  body  ;  at  the  same  time 
the  nutriment  is  allowed  to  ooze  through  the  delicate  vessel  walls 
and  be  diffused  in  the  tissues. 


General  Characteristics  op  the  Blood. 

The  blood  of  vertebrate  animals  is  of  a  bright  scarlet  color 
when  exposed  to  the  oxygen  of  the  air,  but  when  not  in  contact 
with  oxygen  it  is  a  dark  purj)lish  red. 

The  blood  ia  remarkably  opaque,  as  may  he  seen  by  placing  a 
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thin  layer  on  a  piece  of  glass  over  the  page  of  a  book.  This 
opacify  depends  on  the  fact  that  the  blood,  aa  will  presently  be 
seen,  is  not  a  red  Jluid,  but  owes  its  color  to  the  presence  of  solid 
red  particles  or  corpuscles  which  float  in  a  clear  pale  fluid.  The 
blood  has  a  peculiar  smell  (halitus)  distinct  in  diHerent  animals 
and  man,  dependent  on  certain  volatile  fatty  acids.  Its  specific 
gravity  varies  from  1045  to  1076,  the  average  being  1055.  The 
solid  parts  (corpuscles)  are  heavier  (sp.  gr.  1105)  than  the  liquor 
sanguinis  (1027). 

When  first  shed  the  blood  has  a  slippery  feel,  which  it  soon 
loses,  becoming  sticky  as  it  passes  through  the  various  stages  of 
the  process  of  coagulation. 

Amoont  of  Blood  in  the  Body. 

The  total  amount  of  blood  has  been  estimated  to  be  from  -j^j  to  Jy 
of  the  body-weight  for  an  adult  man,  and  somewhat  leas  for  a  new- 
born child. 

Much  difliculty  has  been  found  in  arriving  at  an  accurate  est)- 
mation  of  the  amount  of  blood  in  the  bi>dy.  In  the  first  place,  alt 
the  blood  cannot  be  made  to  flow  out  of  the  vessels  of  an  animal 
when  it  is  killed.  Secondly,  the  qrinntily  and  quality  of  blood 
are  constantly  varying  wiih  the  capacity  of  the  bloodvessels. 
Tliirdly,  wlieu  slowly  withdrawu  from  the  body  duriug  life  it  is 
rapidly  replaced  by  more  fluid  passing  iuto  tlie  bloodvessels. 
This  explains  the  enormous  cjuantity  of  blood  occasionally  reported 
to  be  shed  in  coses  of  bleeding  to  death.  In  these  cases,  as  quickly 
as  the  blood  is  lost,  fluid  is  absorbed  by  the  tine  vessels  to  replace 
it,  so  that  if  the  bleeding  be  gradual  the  standard  quantity  is  still 
kept  up  in  the  vest^els.  Thus  llie  very  sudden  losb  of  a  compara- 
tively suiall  quantity  of  blood  may  cause  death,  whereas,  if  the 
bleeding  go  on  sufficiently  slowly  and  gradually,  as  much  or  even 
more  in  quantity  than  normally  exists  in  the  entire  body  may  es- 
cape without  fatal  result,  but  of  course  much  of  this  is  fluid  which 
has  recently  entered  the  vessels  to  replace  the  blood  already  lost. 

Weher'n  Afetfwd. — The  percentage  of  solid  matters  in  the  blood 
is  first  carefully  estimated.  The  absolute  quantity  of  solids  in 
Ihe  drawn  bJood  is  then  ascertained  and  added  to  the  solids  ob- 
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tained  by  washing  out  the  bloodvessels.  Here  the  error  arises 
from  the  fact  that,  in  washing  out  the  bloodvessels,  much  solid 
matter  be«ides  that  belonging  to  the  blood  is  taken  from  the 
tissues  and  thus  an  excess  is  found. 

Valentine's  Method. — A  small  quantity  of  blood  is  drawn  from 
a  veiu  and  measured  and  its  percentage  of  solids  is  accurately  es- 
timated ;  thereupon  a  known  quantity  of  water  is  injected  into  the 
vessels.  After  some  time  being  allowed  for  proper  distribution  of 
the  water  a  sample  of  the  diluted  blood  is  taken  and  its  solids  en- 
timated.  The  differeuce  in  solid  contents  of  the  two  samples 
shows  the  degree  of  dilution  caused  by  a  known  quantity  of  water 
introduced  into  blood  of  ascertained  strength,  and  thus  the  amount 
of  the  fluid  diluted  (the  blood)  may  be  calculated  and  added  to 
the  amount  of  the  first  sample  of  blood. 

This  method  cannot  give  accurate  results,  because  in  the  time 
necessary  for  the  distribution  and  mixture  of  the  water  with  the 
circulating  blood  much  of  the  former  is  excreted  by  the  kidneys 
and  skin,  and  the  second  sample  of  blood  is  more  concentrated 
than  should  result  from  such  dilution. 

Welcker's  Method  depends  upon  the  estimation  of  the  coloring 
matter  of  the  blood.  He  connected  the  carotid  with  a  small  T 
piece,  and  allowed  the  animal  to  bleed  into  a  bottle  in  which  the 
blood  could  be  defibrinated  by  shaking  with  pieces  of  glass.  One 
cubic  centimetre  of  this  defibrinated  blood  was  carefully  measured 
oiTaud  saturated  with  carbon  monoxide  (CO),  which  gives  a  per- 
manent and  equally  bright  red  color.  In  was  then  diluted  with 
600  c.c.  distilled  water  and  kept  as  a  standard  color-solution.  The 
bloodvessels  of  the  animal  were  then  washed  out  with  .6  percent. 
Solution  of  sodium  chloride  until  the  solution  flowing  from  the 
jugular  vein  was  colorless.  The  tissues  of  the  animal  were  then 
chopped  up  and  steeped  in  water  and  pressed.  The  washings  of 
the  vessels  and  the  infusion  from  the  tissues  were  added  together 
and  diluted  until  they  had  the  same  color-intensity  as  a  layer  of 
the  standard  solution  of  the  same  thickness.  Every  500  c.c.  of 
these  diluted  washings  corresjwnds  to  1  c.c.  of  blood. 

By  this  method  the  following  estimates  have  been  made  of  the 
relation  of  the  blood  to  the  body  weight: 
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Mice -ft-ft 

Oainea  pig, lW» 

Rabbit, T«rA 


Dog, 
Cat, 
Birds, 

Frog. 
Fisli, 


tV-A 
ft 


Only  approximate  estimates  of  tlie  distribotioD  of  blood  in  tbe 
body  during  life  can  be  made,  siuce  there  can  be  no  accarate 
method  of  investigation,  and  the  amount  varies  eoormously  ac- 
cording as  the  organ  or  part  is  in  a  state  of  rest  or  activity.  It 
is  supposed  that  a  quarter  of  the  entire  amount  is  habitually  flow- 
ing through  the  heart  and  great  vessels,  a  quarter  in  the  skeletal 
muscles,  aoolher  quarter  in  the  liver,  and  in  all  the  other  parta 
only  a  fourth. 


Physical  Conbtruction  of  the  Blood. 


I  As  already  stated  the  blood  is  not  a  red  fluid.  It  is  seen  with 
the  microscope  to  be  made  up  of  a  clear  fluid  called  pUuma  or 
Iluinan  RIuuJ  aftvr  Jeuth  uf  llie  elements.  The  red  c(>r|ius<-lua  are  iw-on 
in  diflerent  ptwitions  gliowing  their  shape,  some  also  are  seen  in  rullii.  Only 
one  white  cell  (w)  is  seen,  misshapen  and  entangled  in  fibrin  tlirends. 

liquor  «anguinig,  which  contains  an  immense  number  of  little 
disk-shaped  bodies  called  red  corpuscles,  and  a  few  colorless  pro- 
toplasmic cells,  which  are  called  white  corpuscles;  so  that  the 
living  blood  may  be  physically  tabulated,  giviug  approximately 
an  estimation  of  the  relative  amounts,  thus : 


Blood 


Plasma  or  Liquor  Ranguinia f 

Solid  or  Corpuscle  {p-''»;«f^}-f 
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Plasma. 

The  fluid  part  of  the  blood  is  of  a  pale  straw-color,  when  pure 
snd  free  from  the  coloring  matter  of  the  bhx>d-corpnscIe8,  aod  of 
8lighllj  less  density  than  the  blood-corpuscles  (v.  p.  211).  Ex- 
cept special  precautions  are  taken  the  plasma  is  altered  when 
removed  from  the  bloodvessels  and  coagulation  of  the  blood  takes 
place ;  so  that,  under  ordinary  circumatancea,  plasma  does  not 


Fio.  96. 


Reticaluin  of  Fibrin  Threads  after  staining  has  mode  lliem  visible.    The 
network  (6)  appears  to  start  from  granular  centres  (a).     (Ranvier.) 

come  under  observation,  except  when  the  constitution  of  the  blood 
is  revealed  by  the  microscope.  It  was  first  separated  from  the  cor- 
puscles by  the  filtration  of  frog's  blood,  to  which  had  been  added 
strong  syrup,  which  checks  coagulation  and  spoils  the  flexibility 
of  the  corpuscles,  so  that  they  are  caught  iu  the  meshes  of  the 
filter,  and  the  clear  plasma  passes  through. 

To  obtain  mammalian  plasma  free  from  corpuscles  it  b  neces- 
sary to  use  some  other  method,  as  the  small  elastic  corpuscles 
easily  run  through  the  meshes  of  the  thickest  filter-paper. 
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The  blood  of  the  horse  is  chosen  because  it  coagulates  more 
slowly  thao  that  of  most  niamniala,  and  delay  iu  the  coagulation 
or  postponemeut  of  the  change  in  the  plasma  is  the  chief  object 
to  be  obtained.  To  encourage  this  delay  the  blood  is  drawn  from 
a  vein  into  a  cylinder  surrounded  with  a  freezing  mixture.  The 
cold,  however,  must  not  be  so  intense  as  to  absolutely  freeze  the 
blood,  for  the  wished-for  subsidence  of  corpuscles  could  not  go 
on  if  the  blood  becomes  solid.  It  is  then  left  quite  motionless  for 
twenty-four  hours,  after  which  time  it  will  be  found  tlmt  the 
heavy  corpuscles  have  fallen  and  left  a  clear  Bupernalaiit  fluid, 
which  is  plasma,  containing  some  white  cells.  This  can  be  re- 
moved with  a  cool  pipette  aud  passed  through  au  ice-cold  filter 
to  remove  the  cells,  then  tolerably  pure  plasma  is  obiniued  which 
soon  coagulates  at  the  ordinary  temperature. 

Another  method  of  checking  coagulation  consists  of  letting  the 
blood  flow  into  a  25  per  cent,  solution  of  raagncsiutn  sulphate 
(about  three  volumes  of  blood  to  one  of  the  sohitii)n).  This,  if 
left  iu  a  cool  place,  will  not  coagulate,  aud  the  corpuscles  will 
separate  by  subsidence  from  the  plasma  and  salt  solution,  which 
form  an  upper  layer  of  clear  fluid.  If  the  salt  be  removed  by 
dialysis  or  weakened  by  dilution  with  water,  coagulation  com- 
mences. 

The  coagulation  of  plasma  can  be  seen  with  the  microscope  to 
depend  upon  the  apjwarance  of  a  close  feitwork  of  exquisitely 
delicate,  finely  granular  elastic  fibrils,  which  {lervade  the  entire 
fluid,  and  cause  it  to  set  into  a  soft  jelly.  The  sulistance  forming 
the  meshes  i.s  called  fibrin. 

Some  time  after  the  plasma  has  gelatinized,  the  threads  of  fibrin 
break  away  from  their  attachment  to  the  vessel  in  which  the 
coagulum  is  contained,  and  owing  to  their  elasticity  the  general 
mass  of  fibrin  contracts,  squeezing  out  of  its  meshes  clear  drops 
of  fluid  termed  eerum. 

The  fibrin  clot  gradually  shrinks  into  unappreciable  dimen- 
sions, and  floaUi  in  the  abundant  fluid  serum. 

The  separation  of  the  serum  is  accelerated  by  agitation  of  the 
soft  clot;  and  if  brisk  agitation,  such  as  whipping,  be  kept  up  for 
a  few  minutes,  the  plasma  does  not  form  a  jelly,  but  the  fibrin 
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tirmly  ndheres  to  ibe  stirring  rods  and  at  once  oontracts  around 
theiu. 

Chehioal  Compositton  of  Plasma. 

Oil  account  of  the  rapid  spontaneous  formation  of  fibrin  and 
■urum  when  the  plasma  ia  removed  from  tlie  body  and  allowed  to 
die,  the  exact  chemical  condition  of  the  liquor  sanguinis  during 
life  cannot  be  investigated,  the  separation  occurring  before  the 
simplest  ehcmicat  method  can  be  carried  out. 

We  have  no  reason  to  suppose  that  fibrin  exists  normally  in 
tlie  blood,  but  it  would  ap|)ear  that  this  substance  is  only  formed 
ut  the  moment  of  coagulation,  and  is  one  of  the  most  obvious  of 
many  changes  which  take  place  at  the  time  of  the  death  of  blood 
plasma. 

The  chemical  change  comprehended  under  the  term  coagula- 
tion occurring  whcti  [ilasma  is  deprived  of  its  means  of  vitality, 
and  eliding  in  the  production  of  fibrin  and  serum,  is  naturally 
of  the  first  importance  in  studying  the  chemical  relationships  of 
living  pliisma.  It  can  best  be  followed  out  in  the  coagulation  of 
plasiim  when  sepantted  from  the  corpuscles,  for  (.although  the 
Btagos  in  the  coagulation  of  blood  are  the  same,  the  appearance 
of  an  insoluble  albumin — fibrin — being  the  one  essential  in  either 
caao)  the  corpuscles  complicate  the  process  and  modify  the  ap- 
jicarance  of  the  clot. 

Not  only  is  the  fibrin  not  present  as  such  in  the  living  plasma, 
but  it  requires  for  its  production  the  presence  of  other  substances 
which  either  do  not  exist  in  the  living  plasma,  or  are  there  so 
chemically  associated  as  not  to  bring  about  the  change  which 
occurs  when  the  plasma  is  dead. 

The  reasons  for  believing  this  arc  the  following.  Fluids  which 
sometimes  collect  by  a  slow  process  in  the  serous  cavities  of  the 
body,  e.g.,  hydrocele  fluid,  pleural  eflusion,  etc.,  if  kept  quite 
clean  do  not  generally  undergo  spontaneous  coagulation.  If  to 
one  of  these  some  scrum  from  around  a  blood  clot  be  added, 
coagulation  takes  place  just  as  in  plasma  (Buchanan).  That  is 
to  say,  we  have  here  two  fluids,  neither  of  which  coagulates  when 
left  to  itself,  but  which  do  coagulate  wheu  mixed  together.   From 
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each  of  these  fluids  a  substance  can  be  precipitated  by  passing  a 
stream  of  carbon  dioxide  (CO,)  through  the  fluids.  Both  pre- 
cipitates readily  re-dissolve  in  weak  saline  solutions. 

The  solution  prepared  from  the  hydrocele  fluid  causes  blood 
serum  to  coagulate ;  that  prepared  from  the  blowl  serum  causes 
the  hydrocele  fluid  to  coagulate;  and  when  mixed  together  the 
mixture  of  the  two  solutions  coagulates;  while  the  serum  and 
hydrocele  fluid  from  which  the  substances  have  been  removed  no 
longer  have  the  power  of  exciting  coagulation  in  each  other  or 
in  like  fluids.  Here,  then,  are  brought  to  light  two  materials: 
one,  which  may  be  obtained  in  considerable  quantity  from  serum 
after  coagulation,  is  called  aerum-globulin  nr  parnglobulln,  the 
other  occurring  in  serous  fluids  is  named  jihrinoijni.  Both  of 
these  substances  are  present  in  the  dying  plasma  of  the  blood 
prior  to  coagulation.  They  can  be  obtained  both  together 
from  the  plasma  (when  either  of  the  precautions  already  men- 
tioned, viz.,  the  application  of  cold,  or  the  addition  of  neutral 
salt,  has  been  taken  to  prevent  the  formation  of  fibrin)  if  the 
pla^jtl)a  be  treated  with  sodium  chloride  to  saturation.  This  pre- 
cipitates a  substance  which  readily  dissolves  if  water  be  added  to 
weaken  the  salt  solution,  and  after  some  time  the  solution  uoder- 
goee  spontaneous  coagulation,  while  the  plasma  from  which  it  has 
been  made  has  last  that  power.  This  plajmiin  (Denis)  no  doubt 
is  made  of  diflerent  globulinii,  chiefly  serum-globulin  and  fibrin- 
ogen, and  contains  in  itself  all  the  nece&sary  "  factors  "  of  fibrin 
formation,  but  is  not  at  all  identical  with  fibrin,  since  it  readily 
dissolves  in  weak  saline  solutions,  like  the  class  of  proteids  called 
globulins,  while  fibrin  is  quite  insoluble  in  such  solutions. 

lu  plasma  removed  from  its  normal  relationships,  then,  both 
serura-globuliu  and  fibrinogen  exist;  but  the  former  in  far  greater 
quantity  than  the  latter,  since  the  serum,  after  the  blood-clot  is 
formed,  contains  no  more  fibrinogen,  while  the  serum-globulin  or 
paraglobulin  makes  up  nearly  half  the  entire  solids  of  the  remain- 
ing serum. 

In  preparing  fibrinogen  and  paraglobulin  (or,  as  he  called  the 
\&tler,  fibrinoplaslin)  Schmidt  found  that  the  more  carefully  they 
were  made,  the  weaker  and  more  uncertain  their  action  as  fibrin 
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factors  became;  and  finally  he  made  solutions  which,  when  added 
together,  did  not  produce  coagulation,  but  which,  when  added  to 
less  pure  sulutions,  gave  good  firm  clots.  From  this  he  suspected 
that  a  third  agent  which  acted  as  a  ferment  was  necessary  to  put 
into  operation  the  fibrin-producing  properties  of  the  other  two 
factors.  He  moreover  succeeded  in  separating  the  third  agent, 
to  which  he  gave  the  name  of  fibrin-fennetU.  By  treating  blood 
serum  with  twenty  times  its  volume  of  strong  alcohol  and  allow- 
ing it  to  stand  a  month  or  two,  the  proteids  are  precipitated  and 
rendered  quite  insoluble  in  water,  and  with  them  the  ferment  is 
carried  down.  From  the  dried  and  powdered  precipitate  the 
ferment  is  extracted  with  water.  This  solution  when  added  to 
the  mixture  of  the  pure  fibrin  factors  which  by  themselves  did 
not  coagulate  caused  rapid  coagulation,  but  not  when  added  to 
either  one  or  the  other  of  them  singly  (Schmidty. 

This  material  seemed  to  have  been  influenced  by  those  circum- 
stances which  affect  the  activity  of  ferments  in  general :  it  has  a 
minimum,  0°  C,  maximum, 80°  C,  and  optimum,  38°  C,  tempera- 
ture of  activity,  with  various  gradations  of  rapidity  of  action 
between  each,  and  it  is  destroyed  by  a  temperature  above  80°  C. 
The  amount  of  fibrin-ferraent  only  seems  to  influence  the  rapidity 
with  which  the  fibrin  is  formed,  not  the  amount,  which  rather 
depends  on  the  quantity  of  serum-globulin  (paraglobulin). 

The  source  of  the  three  fibrin  generators  is  a  question  of  much 
difficulty,  and  may  be  discussed  with  more  profit,  together  with 
the  question  of  blood  coagulation,  within  and  without  the  vessels, 
after  the  morphological  elements  have  been  described. 

Preparation  and  Properties  op  Fibrin. 

Fibrin  may  be  procured  either  from  plasma  or  blood  by  whip- 
ping and  then  washing  the  insoluble  fibrin  with  water.  When 
fresh  it  has  a  pale  yellow  or  whitish  color,  a  filamentous  structure, 
and  ia  singularly  elastic.  It  is  not  soluble  in  water,  weak  saline 
solution,  or  ether.  Alcohol  makes  it  shrink  by  removing  its 
water.  When  quite  dry  it  is  brittle  and  hard,  and  can  be  reduced 
to  a  powder.  It  swells  in  1  per  cent,  hydrochloric  acid,  and  if 
then  warmed  is  soon  converted  into  acid  albumin. 
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The  amount  formed  varies  very  much  even  in  the  blood  drawn 
from  the  same  animal  at  the  same  time,  but  is  always  very  small 
compared  with  the  size  of  the  blood-clot.  It  never  reaches  as 
much  as  1  per  cent.,  commonly  varying  from  0.1  per  cent,  to  0.3 
per  cent,  of  the  entire  mass  of  blood. 

Serum. 

This  name  is  given  to  the  clear  fluid  which  oozes  out  of  the 
clot  of  plasma.  It  only  differs  from  the  latter  in  its  chemical 
composition  in  so  far  that  fibrin  is  separated  from  it.  Though 
chemically  this  is  a  slight  difference,  it  signifies  the  change  from 
a  complex  living  body  (blood  plasma)  into  a  solution  of  dead 
albumins,  etc. 

Serura  is  a  clear  straw-colored  alkaline  fluid  of  1028-1030  sp. 
gr.,  holding  in  solution  different  organic  substances  and  some  in- 
organic sails.  After  a  full  meal  the  serum  is  said  to  be  more  or 
less  milky  from  the  presence  of  finely  divided  fat. 

It  contains  about  9  per  cent,  of  solid  matters,  of  which  a  large 
proportion,  7  per  cent.,  are  proteida.  Of  these,  the  most  abundant 
is  (1)  serum-albutnin  (about  4  per  cent,  in  man),  a  solution  of 
which  becomes  opaque  at  60°  C,  and  coagulates  at  a  heat  of  73"- 
75°  C.  The  proteid  next  in  importance  is  (2)  serum-globulin  or 
paraglobulin  (about  3  per  cent,  in  man),  which  has  already  been 
mentioned.  It  may  be  precipitated  imperfectly  by  CO,,  or  com- 
pletely by  magnesium  sulphate.  (3)  Serum-casein  has  been  ob- 
tained from  serura  by  careful  neutralization  with  acetic  acid  after 
the  removal  of  the  paraglobulin  by  CO,.  This  is  said  to  be  para- 
globulin which  has  failed  to  come  down  with  the  CO,.  (4)  Neu- 
tral fats  in  a  state  of  fine  subdivision  are  present  in  a  variable 
quantity  ;  also  (5)  lecithin ;  (6)  traces  of  sugar ;  (7)  various 
products  of  tissue  change — kreatine,  urea,  etc. ;  and  (8)  inorganic 
salts,  viz.,  sodium  chloride,  about  .5  per  cent.,  and  sodium  car- 
bonate, which  probably  existed  in  the  blood  as  sodium  hydric 
carbonate.  There  is  also  a  small  quantity  of  putassium  chloride. 
But  it  should  be  remembered  that  ihere  is  about  ten  times  more 
sodium  than  potassium  salts  iu  the  serum,  and  probably  in  the 
blood  plasma. 


CHAPTER  XIV. 


BLOOD-OOBPUSCLEa 

The  relative  number  of  red  disks  to  tlie  colorless  cells  is  said  to 
be,  on  the  average,  350  to  1.     This  is  true  of  the  blood  drawn 

Fio.  97. 

Human  Blocul  afler  deatli  of  tlie  elemenU.  The  red  corpuscles  are  seen 
in  (liflvreiit  positions  sliuvvin);  llifir  shape,  some  alwi  in  rolls.  Only  one 
wliile  cell  (w)  is  seen,  misshapen  and  cntiingled  in  librin  threads. 

from  the  fine  vessels  by  puncture.  While  in  the  vessels  the  blood 
must  contain  a  greater  proportion  of  the  colorless  cells,  for  by 
the  ordinary  method  of  obtaining  blood  for  examination,  they  do 
not  flow  out  of  the  punctured  capillaries  as  readily  as  the  red 
disks ;  and,  moreover,  many  of  them  become  disintegrated  very 
shortly  after  they  are  removed  from  the  circulation.  Although 
the  number  of  red  disks  normally  alters  but  little,  the  relative 
number  of  red  to  white  varies  very  much  on  account  of  the  con- 
stant changes  occurring  iu  the  number  of  the  white  cells,  which 
has  been  found  to  difi'er  according  to  the  observer,  the  situation, 
and  other  circumstances,  as  shown  in  the  following  table,  which 
gives  the  number  of  red  corpuscles  to  one  colorless  cell. 

Observer's  estimate  of  normal  proportion  ; 

Kcd.  White. 

Welcker 335—1 

Moleschott, 357—1 

In  various  parts  of  the  circulation: 

Splenic  rein .      60 — 1 

Splenic  artery 2280—1 
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Bed.  White. 

Hepatic  vein, 170 — 1 

PorUl  vein,       ....  ...    740—1 

According  to  age  or  sex  : 

Girls 406—1 

BoyB, 226—1 

Adult, 334—1 

Old  age 381—1 

According  to  general  ctinditions: 

When  fasting, 716—1 

After  meal, 347 — 1 

During  pregnancy, 281 — 1 

Id  a  disease  of  the  spleen  and  lymphatic  glands  called  Leuco- 
cythemia  there  may  appear  to  be  nearly  as  many  white  cells  as 
red  disks.  Here,  however,  the  red  disks  are  deficient,  while  the 
colorless  cells  are  muttipled. 

The  White  Blood-celus. 

The  protoplasmic  cells  of  the  blood,  comoiouly  called  the  white 
corpuscles,  difler  in  uo  essential  respect  from  tlie  pale  round  cells 
which  are  found  in  most  of  the  tissues  of  the  body.  They  exist 
in  great  numbers  iu  the  fluid  which  drains  back  from  the  tissues 
into  the  blood,  namely,  the  lymph,  and  occupy  a  great  part 
of  the  lympiiatic  glands  and  spleen.  They  are  often  spoken  of 
as  lymphoid  cells,  leucocytes,  or  indifferent  formative  cells,  on  ac- 
count of  their  being  so  widely  distributed  throughout  the  tissues. 

When  fresh  bloo<l  is  examined  with  the  microscope  these  cells 
can  be  seen  generally  adhering  to  the  glass  slide  or  cover-gla«8 
and  lying  singly,  apart  from  the  groups  of  red  disks.  They  can 
be  recognized  by  their  faintly  bluish  hue  or  absence  of  marked 
color,  their  finely  granular  structure,  spherical  shape,  and  the 
nuclei  which  may  often  be  recognized  near  the  centre  of  the  celt. 
Though  not  always  visible  in  quite  fresh  preparations,  the  nuclei 
can  be  brought  to  light  by  the  action  of  many  reagents — e.g., 
acetic  acid.  If  looked  at  while  being  moved  by  the  blooil-cur- 
rent  in  the  capillary  vessels,  they  are  seen  to  pass  slowly  along 
in  contact  witii  the  vessel  wall,  while  the  red  corpuscles  rush  rap- 
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idly  post  thera  down  the  centre  of  the  channel  (Fig.  98).  This 
may  partly  be  due  to  their  peculiar  adhesiveness,  which  also  causes 
thera  to  stick  to  the  glass  elide,  whilst  the  red  disks  are  washed 
away  when  a  litlle  stream  of  saline  solution  is  allowed  to  flow 
under  the  cover-glass.  These  cells  show  all  the  manifestations  of 
activity  characteristic  of  independent  living  beings.  If  kept  in 
a  medium  suitable  to  them,  and  at  the  temp»erature  of  the  body, 
they  will  be  seen  soon  to  alter  their  appearance;  their  outline 
becomes  faint,  they  are  no  longer  spherical,  but  very  irregular  in 

Fio.  98. 


Vessels  nf  llie  Frog's  Web.— (a)  Trunk  of  vein,  and  (6  6)  its  tributoriea 
pusain);  across  the  capilLiry  network.     Tlie  dark  spots  are  pigment  cells, 

shape,  and  constantly  change  their  form  by  sending  out  and  re- 
tracting delicate  processes,  by  means  of  which  they  change  their 
position,  so  that  they  may  be  said  to  perform  locomotion.  These 
movements  are  rendered  more  active  by  a  slight  increase  of  tem- 
perature, and  are  checked  by  cold.  For  continued  observation, 
about  38°  C  is  the  test  temperature.  They  respond  to  many 
other  influences,  such  as  electricity,  etc.,  even  for  a  considerable 
time  after  removal  from  the  body. 
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No  doubt  they  absorb  fluid  nutriment  contiDually  from  the 
surrounding  mediura,  as  is  shown  by  the  effect  of  poisons  on  them  ; 
and,  by  the  re[)eated  contractions  and  relaxations  of  parLs  of  their 
substance  in  the  form  of  pseudopoilia,  they  appear  to  talte  into 
the  inner  parts  of  the  protoplasm  solid  particles,  which  after  some 
time  are  ejected  after  the  manner  of  the  small  unicellular  animalB 
known  as  anifi'bs:  (p.  8.5). 

While  in  inutiuu  in  the  circulation  none  of  these  aincehoid 
movements  apjiear  to  take  place,  but  when  an  arrest  of  the  flow 
of  blood  in  the  capillaries  occurs  they  not  only  change  their  form, 
but  alsf)  their  position  ;  and  if  there  be  no  onward  flow  of  blood 
for  some  litllc  time,  they  creep  out  of  the  capillaries,  passing 
through  the  delicate  vessel-walls.  This  emigration  of  the  blood- 
cella  is  possibly  a  common  event  when  a  tissue  is  in  need  of  textu- 
ra!  repair.  When  excessive  it  forms  one  of  the  most  striking 
items  of  the  series  of  events  occurring  in  inflammation. 

The  cells  differ  much  in  size ;    generally  they  are  somewhat 

larger  than  the  red  disks.     Nothing  like  a  cell-wall  can  be  seen 

to  surround  them,  and  from  the  movements  above  described  it 

would  appear  certain  that  they  are  free  masses  of  active  proto- 

.  plasm. 

The  number  of  white  cells  th»t  can  be  collected  is  loo  small  to 
allow  of  accurate  chemical  analysis,  but  there  is  no  reason  to 
suppose  that  they  differ  from  other  forma  of  protoplasm. 

Okioin  of  tue  Coi.oki.es8  Bixwdcells. 

Wince  such  an  unimportant  circumstance  as  a  hearty  meal  can 
mattriully  influence  the  numbers  of  the  white  corpuscles,  it  would 
appear  that  they  must  be  usually  undergoing  rapid  variations  in 
their  number — probably  by  their  being  constantly  used  up  and 
periodically  replaced  by  new  ones.  The  places  in  which  they 
occur  in  greatest  number  are  the  lymphatic  glands,  the  spleen, 
and  the  lymph  follicular  tissue  in  the  intestinal  tract. 

There  is  no  doubt  that  the  lymph  contains  a  much  larger  pro- 
|)orlion  of  these  cells  after  it  has  passed  through  the  lymph 
glands,  and  the  blood  coming  from  the  spleen  contains  an  exces- 
sive proportion  of  them. 
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It  ia  then  not  UDreasonable  to  suppose  that  many  of  the  white 
rells  fuiind  io  the  blood  have  their  origin  in  these  organs. 

They  may  also  be  developed  from  similar  cells  in  any  tissue, 
but  their  multijdicalioii  by  diiitiott,  other  than  that  which  prob- 
ably occurs  io  the  lyrnph  follicles  where  it  cannot  be  seen,  is  a 
circumstance  of  (he  greatest  rarity,  aud  few  observers  have  been 
fortunate  enough  to  witness  the  phenomenon. 

The  destiny  of  the  white  blood-cells  is  probably  manifold. 
From  the  readiness  with  which  they  escape  from  the  capiliaries 
and  wander  by  their  araceboid  movement  through  the  neighboring 
tissues  to  reach  any  point  of  injury,  it  would  appear  that  they 
take  an  active  part  in  (he  repair  of  any  tissue  whose  vitality  has 
iu  any  way  suffered.  During  the  growth  of  all  tissues  the  cells 
seem  to  contribute  active  agents  in  their  formation  ;  thus  in  the 
I'urmatiim  of  bone  it  has  been  stated  that  escaped  blood-cells  or 
their  immediate  offspring  help  to  lay  down  the  calcareous  mate- 
rial, and  some  even  settle  themselves  as  permanent  inhabitants 
of  the  lacuna;. 

Further,  they  are  iu  all  probability  the  means  of  renewing  the 
red  disks.  Their  protoplasm  either  takes  up  the  coloring  matter 
from  its  surroundings,  or  forms  it  within  itself  from  suitable  ingre- 
dients. Certain  it  is  that  cells  are  found  which  are  recognizable 
as  white  blood-cells  which  have  more  or  less  of  the  red  coloring 
matter  imbedded  iu  their  substance.  As  this  increases  the  cell 
gradually  loses  its  distinctive  characters  and  assumes  those  of  a 
red  corpuscle.  Such  elements,  it  will  be  seen,  are  common  in  the 
spleen  and  the  blood  leading  from  it. 


TuE  Red  Corpuscles. 

The  red  disks  were  discovered  in  the  human  blood  by  Leuwen- 
boek,  about  1673.  They  alone  give  the  red  color  which  charac- 
terizes the  blood  of  all  vertebrated  animals  (except  the  amphi- 
oxus),  but  are  not  found  in  the  blood  of  the  invertebrata,  which 
only  contains  colorless  cells.  When  the  blood  of  the  inverte- 
brates has  a  color,  it  owes  it  to  the  fluid,  not  to  the  corpuscles. 
The  individual  disks  when  vievivd  singly  under  the  microscope 
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appear  to  be  pale  orange,  but  wliea  in  masses  the  red  becomes 
apparent. 

The  shape  of  the  corpuscles  differs  in  difTerent  classes  of  animals. 
In  man  and  all  inamnmlia  they  are  disks  which  are  concave  on 
each  side,  and  rounded  off  at  the  margin.  The  only  class  of 
mammals  which  form  au  exception  to  this  rule  are  the  camalidse, 

Fio.  99. 


Dixgram  of  ihe  relstivc  sixes  of  re»i  ror|iiiS(;le!i  of  different  iinimaU.  The 
measuremenlH  below  arc  in  fractions  of  an  inch  :  1,  Amphinma,  ^  X  ^\. 
2.  ProleoB,  ^  X  ^j.  3.  Frog,  i^j  x  /j.  4.  Pigeon,  ,^j  x  ,|,.  5.  Elephant, 
,J|.  6  Man,  tJ,.  TDog.ria-  8.  Iloree,  lii-  9.  Goat,  ^Jt-  10.  Musk- 
deer,  rh- 

whose  red  corpuscles  are  elliptical  in  shape,  like  those  of  all  non- 
mammalian  vertebrates. 

The  corpuscles  of  birds,  amphibia  and  fish  are  flattened  ellip- 

19 
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tical  plates,  which  are  slightly  convex  on  each  side,  and  contaiD 
a  distinct  uval  nucleus  iu  their  centre. 

The  size  of  the  corpuscles  varies  greatly  in  different  classes  of 
animals,  but  is  slrikiogly  conslaiit  iu  the  same  clas.s.  A  glance 
at  the  diagram,  Fig.  99,  in  which  the  corpuscles  are  drawn  to 
scale,  will  give  an  idea  uf  their  relative  sizes  in  examples  of  the 
different  classes  of  anitiials,  and  will  make  the  following  points 
more  rapidly  obvious  than  any  description. 

The  size  of  the  animal  has  no  general  relation  to  the  size  of  the 
corpuscles.  The  human  red  disks  are  nf  a  fair  average  size  when 
compared  with  thoeeof  other  mammals,  and  therefore  man's  blood 
cannot  be  distinguished  from  that  of  the  other  mammalia. 

The  mammalian  corpuscles  are,  on  the  whole, snmll  when  com- 
pared with  those  of  the  other  vertebrates.  The  bntrachian.s  are 
distinguished  by  the  great  size  of  the  corpuscles.  Those  of  the 
Araphiunia  Tridactylum  are  visible  to  the  naked  eye. 

The  following  measurements  are  given  by  Welcker  for  the  hu- 
man disks : 


Diameter,  .  .     .    0.0,077  uf  n  niillirtictrc  =  nVvth  of  an  ini-h. 

Thickness,  .  .     .    0.0,019  of  a  uiitlinictre  =  y^l^tli  ofan  inch. 

Volume,   .  .  0.000,000.077  of  a  cu(>ic  raillinwere. 

Siirface,     .  .  .      0.000,128  of  a  »qimre  niilliinclre. 

The  last  measurement  would  give  about  2816  square  metres  for 
the  entire  blood  of  an  adult.  A  surface  of  11  square  metres  is 
exposed  every  second  in  the  luugs  for  the  absorption  of  oxygen. 

When  circulating  in  the  vessels,  or  immediately  after  removal, 
the  red  corpuscles  are  very  stvftiind  elastic,  l>eing  benl  and  iiltered 
in  shape  by  the  slightest  pressure,  and  easily  stretched  to  twice 
their  diameter.  But  the  moment  pressure  or  traction  is  removed, 
they  return  to  their  normal  biconcave,  disk-shape  if  the  medium 
iu  which  they  lie  continue  of  the  normal  density.  (See  Fig.  97, 
p.  220.) 

Changes  take  place  in  the  blood  shortly  after  it  is  removed 
from  the  body,  which  seem  to  be  associated  with  the  loss  of  func- 
tion (death)  of  the  red  disks,  as  shown  by  their  rapid  destriictiou 
if  reintroduced  into  the  circulation. 
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These  changes  are  checked  by  cold,  and  facilitated  by  heat,  a 
temperature  above  that  of  the  body  causing  ihem  lo  take  place 
almost  immediately.  Associated  with  the  lojs  of  fuQction  of  the 
disks  is  observed  a  change  accompanied  i)y  an  apparent  increase 
of  adhesiveness,  which  causes  them  to  stick  together,  commonly 
adhering  by  their  ilat  surfaces,  so  as  to  form  into  rolls,  like  so 
many  coins  jiiaced  side  by  side.  That  this  adhesion  is  not  a  mere 
physical  process,  independent  of  the  chemical  properties  of  the 
corpuscles  themselves,  seems  proved  by  the  following  facts:  (1) 
It  does  not  occur  immediately  when  the  blood  is  drawn,  and  it 
disappears  after  a  certain  time  without  the  addition  of  reagents; 
(2)  while  the  blo<id  ii<  in  (he  living  vessels  under  normal  condi- 
tions there  is  no  adhesion,  but  it  soon  appears  when  any  stand- 
still in  the  circulation  takeji  place — as  in   iuHainmation;  (3)  it 


Fio.  100. 


FiQ.  101. 
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^^^^  Fio.  100. — Microscopic  apiienrancc  of  the  I»Io<m1  after  the  addition  of 

I  (lintillcd  water.     Red  Cor|)iiKcles  become  colurltiis  or  piilc.  »e|mrate,  and 

I  spherical.    The  white  are  Keen  to  be  swollen  round  and  griiniihir,  with  clear 

I  nuclei. 

I  Fio.  101.— Showing  eflecl  of  evapomlion.    Six  Red  Corpuscles  crenuted. 

^^^  (w)  While  cell  changing  8hnpo. 

^^  does  not  occur  when  saline  solutions  are  added  to  the  blood.  It 
seems  then  to  be  dependent  upon  a  peculiar  pro[)crty  of  the  disks, 
which  only  exists  for  a  time  coiucident  with  the  changes  that 
accompany  the  appearance  of  fibrin. 

The  shape  of  the  di.ska  changes  when  the  density  of  the  medium 
in  which  they  are  suspended  is  altered.  When  the  density  is 
reduced,  as  by  the  addition  of  water,  they  swell  and  become 
spherical,  and  break  up  the  rouleaux,  the  coloring-matter  at  the 
same  time  becoming  dissolved  iu  the  medium.  (Fig.  100.)    When 
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the  density  is  increased  by  slight  evaporation,  or  the  addition  of 
salt  solution  about  1  per  cent.,  they  cease  to  be  concave,  and  be- 
come cretialed  or  spiked  like  the  green  fruit  of  the  horse-chestnut. 
(Fig.  101.)  The  addition  of  strong  syrup  caiifcs  the  corpuscles 
to  shrivel  and  assume  a  great  variety  of  peculiar  bent  or  con- 
torted forms.  (Fig.  102.)  Elevation  of  temperalure  or  repeated 
electric  shocks  causes  peculiar  changes  in  shape,  but  since  the 
change  is  associated  with  the  deatb  of  the  element,  it  cannot  be 
attributed  to  vital  activity  comparable  with  that  which  is  seen  in 
the  white  cells. 

The  disks  show  no  signs  of  structure  under  the  microscope ; 
they  look  perfectly  homogeneous  transparent  bodies  of  a  pale 
orange  color,  all  efforts  to  demonstrate  the  limiting  membranes, 


Fio.  102. 


Fio.  103. 
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Fio.  102. — Red  Corpuscles,  ehrivelled  by  the  addition  of  strong  syrup. — 
(w)  While  Corpuscle. 
Fia.  103. — Blood-Corpuscles  after  the  addition  of  tannic  acid. 


formerly  supposed  to  surround  them,  having  failed.  Their  be- 
havior when  certain  reagents  are  added  to  the  blood  shows  that 
the  corpuscles  have  two  constituents:  (1)  the  coloriug-matter, 
Oxyhaemoglohin ;  and  (2)  the  Stroma.  The  coloring-matter  may 
be  removed — as  above  stated,  by  water — from  the  corpuscles,  and 
then  leaves  a  perfectly  colorless  transparent  foundation  or  ground- 
work, which  appears  to  be  in  some  way  porous,  so  as  to  hold  the 
coloring  matter  in  its  interstices.  The  effect  on  the  naked-eye 
appearance  of  the  blood  produced  by  the  removal  of  the  coloring- 
matter  from  the  stroma,  is  to  alter  the  color  and  increase  the 
transparency  of  the  fluid.  The  oxyhssmoglobin  now  forms  a 
transparent  dark-red  lakcy  solution,  and  the  corpuscles,  being 
quite  colorless,  are  practically  invisible.     This  transparency  of 
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the  fluid  does  not  depend  on  any  change  in  the  osyba:mugIobin, 
but  merely  on  its  being  dissolved  out  of  the  diiikH.  This  process, 
which  is  coramonly  spoken  of  as  rendering  the  blood  "  lakey," 
may  be  brought  about  by  the  following  ineuns.  (1)  The  addi- 
tion of  about  I  its  bulk  of  distilled  water,  to  dissolve  the  coloring- 
matter  out  of  the  stroma,  which  may  then  be  rendered  obvious 
by  a  weak  solution  of  iodine.  (2)  By  the  addition  of  chloroform, 
ether,  neutral  alkaline  salts,  or  alkalies.  ('.\)  By  parsing  repeated 
strong  induction  shocks  through  the  blood.  (4)  By  rapidly  frees- 
ing  and  thawing  the  blood  several  times. 


Kif».  KM. 


MalasKcz's  ApparatUH  for  the  Enumeratiun  of  Blood -Corpiiscles. — A.  Mea- 
suring and  mixing  pipette,     n.  Flattened  and  calihrated  capillary  tube. 


All  of  these  processes  produce  the  same  effect,  viz.,  the  red 
matter  leaves  the  stroma  intact.  Solutions  of  urea,  bile  acids, 
and  heat  of  about  60°  C.  seem  to  destroy  the  disks,  and  thus  re- 
move the  coloring-matter.  Carbolic,  boracic,  and  tannic  acids 
cause  the  coloring-matter  to  coagulate  and  localize  itself  either 
at  the  centre  or  margin  of  the  corpuscles,  (Fig.  103.) 

The  number  of  disks  in  the  blood  of  man  is  enormous,  namely, 
in  a  cubic  millimetre  of  blood,  about  5  millions  for  males  and 
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4j  millions  for  females,  or  about  250,000  millions  for  one  pound 
of  blood.  The  number  varies  much,  not  only  in  disease,  but  also 
as  a  result  of  the  many  physiological  processes,  such  as  changes 
in  the  amount  of  plasma,  brought  about  by  pressure-differences, 
etc. 

In  order  to  count  the  corpuscles  the  following  method  is  em- 
ployed.   The  blood  is  diluted  with  artificial  plasma  to  100  or 

FiQ.  105. 


The  appearance  prcBenlc<i  liy  llie  Capillary  Tube  of  MbIii»icz'8  Apparatus 
when  filled  willi  iliUiled  IjIimkI  anJ  examined  tinder  a  microscope  raagnify- 
ing  100  dinmelorH  providei!  with  an  eye-pieco  micrometer. 


lOOO  times  its  volume,  and  the  corpuscles  in  a  portion  of  the  raix- 
lure  carefully  measured  off  by  a  capillary  tube,  and  counted. 
This  operation  recjuires  great  care  and  delicate  apparatus.  One 
of  the  best-kuown  methods  is  that  of  Malassez,  the  details  of 
which  are  ae  follows : 

Blood  is  drawn  into  the  ca[)illary  tube  of  a  specially  prepared 
delicate  pi{)ette  (Fig.  104,  a)  up  to  a  mark  which  indicates  y^ 
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part  of  the  capactity  of  the  pipette.  This  known  quantity  of 
blood  is  then  washed  into  the  bulb  of  the  pipelte  by  drawing  up 
artificial  serum  to  fill  the  bulb,  where  the  fluids  are  mixed  by 
shaking  about  the  fine  bead  aintaiued  in  the  bulb.  Home  of  this 
mixture  is  then  allowed  to  pass  into  a  flattened  capillary  tube  of 
known  capacity  fixed  on  a  slide,  and  the  number  of  corpuscles  in 
a  given  lenj^lh  of  this  lube  at  two  or  three  places  is  carct'iilly 
counted.  The  inijwrtant  (jnestion,  how  much  oxyhajmoglnbin 
exists  iu  a  given  sample  of  blood,  can  be  determined  by  diluting 
a  dro|j  until  the  color  efjuals  that  of  a  standard  solution  of  known 
strength. 

Chemistry  of  the  Colorikq  Matter  of  the  Blood. 

Of  the  chemical  constituents  fotind  in  the  red  blood-corpuscles, 
the  red  coloring  matter  is  by  far  the  niu.41  important.  Tu  it  alone 
the  blood  owes  one  of  its  most  important  fuucLioua — the  re.->pira- 
tory. 

OxyhcEmoglobiii  is  a  chemical  compound  of  great  complexity, 
and  of  which  the  percentage  composition  \»  given  as: 

Carbon 53.85 

Hydrogen, "..'52 

Nitrogen, lti.17 

Oxygen,  • 21.84 

Sulphur, .39 

Iron, 43 

Its  rational  formula  is  unknown,  but  the  ftdlowing  has  been 
proposed  a.s  appmximate.  C,K„H|^N,„FeSjO,^.  It  is  commonly 
regarded  a.s  a  form  of  globulin,  associated  with  a  colored  mate- 
rial containing  iron,  called  lucmatin.  Its  chief  peculiarities  are 
(I)  that,  although  it  contains  a  colloid  substance,  it  crystallizes 
more  or  less  readily  in  all  vertebrates  when  removed  from  the 
stroma  of  the  corpuscles;  (2)  the  considerable  amount  of  iron  it 
contains  (0.4  per  cent.) ;  (3)  the  remarkable  manner  in  which  it 
is  combined  with  oxygen  to  form  an  unstable  compound  ;  and  (4) 
the  ease  with  which  it  yields  ita  oxygen  to  the  tissues  and  takes 
it  from  the  air. 


232 


MANUAL  OP  PHYSIOLOGY. 


The  readiness  with  which  the  oxyhemoglobin  crystah  are  formed 
varies  much  in  difTerent  animals  atid  under  different  circum- 
stances, as  may  be  seen  from  the  following  list : 

Most  readily — guinea  pig,  rat,  mouse. 
Readily — cat,  dog,  horse,  man,  ape,  rabbit. 
With  difficuUy — sheep,  cow,  pig. 
Not  at  all — frog. 

The  presence  of  oxygen  causes  the  crystals  to  form  more  rapidly, 
so  that  a  stream  of  oxj'gen  pas-sed  through  a  strong  solution  of 
hasmoglobin  causes  small  crystals  of  oxyhxmoglobin  to  form. 

The  crystals  always  belong  to  the  rhombic  system,  being  most 
commonly  plates  (man,  etc.)  and  prisms  (cat),  and  rarely  tetra- 
hedra  (guinea  pig)  and  hexagonal  plates  (squirrel). 

Pro.  106. 


/ 
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Crygt&Is  of  Hn-nioglobin  from  diflerent  animals,  showing  the  variety  in  form 
nf  crystals — 1,  giiiocs  pig;  2,  man;  3,  squirrel. 

The  color  of  the  crystals  and  their  solution  vary  according  to 
the  light  by  which  they  arc  looked  at.  By  reflected  light  they 
are  bluish-red  or  greenish  in  color,  and  by  direct  light  scarlet. 

The  preparation  of  oryhwmoglobin  crystals  ia  accomplished  by 
first  separating  the  coloring  matter  from  the  corpuscles  by  freezing, 
or  the  addition  of  water  or  ether,  and  rendering  it  less  soluble  by 
evaporation,  cold,  and  the  addition  of  alcohol. 

For  microscopic  observation  it  generally  suffices  to  kill  a  rat 
with  ether,  and  expose  a  drop  of  the  blood  ililuted  with  distilled 
water  on  a  slide  until  half  dried,  and  then  cover.  Crystals  ap 
pear  in  the  fluid  as  it  becomes  more  concentrated. 
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The  combinations  whicli  haemoglobin  enters  into  are  numerouj>, 
and  throw  much  light  upon  the  function  of  the  corpuscles. 

As  alreaiiy  stated,  the  coloring  matter,  when  exposed  to  the 
air,  combines  with  oxygen  to  form  a  loose  chemical  com|X)und 
called  oxyhajmoglobin.  This  is  the  condition  in  which  the  color- 
ing  matter  of  the  blood  is  commonly  met  with.  Although  so 
prone  to  combine  with  oxygen,  the  oxyhaimoglobin  very  readily 
parts  with  some  of  it.  In  the  circulation  it  is  always  united  wiih 
oxygen,  normally  leaving  the  lungs  in  a  slate  of  snturntion.  On 
its  way  through  the  capillaries  of  the  tissues  it  parts  with  some  of 
its  oxygen.  Incoming  more  or  less  reduced  (hicraoglobin),  but  even 
the  most  venous  blood  alway.'^  contains  some  oxyhsemoglobiu. 

The  oxygen  can  be  removed  by  reducing  the  pressure  under  an 
air-pump,  or  by  exposing  the  solution  to  a  mixture  of  nitrogen 
and  hydrogen.  Various  reducing  agents  rob  iho  oxyhremogtobin 
of  iia  oxygen  ;  and  if  blood  or  a  solution  of  oxyha;moglobio  be 
sealed  in  a  glass  tube  so  as  to  exclude  the  air,  the  loose  oxygen 
is  taken  up  by  some  of  the  other  coustitueiUs  of  the  blood,  and 
the  oxyhiemoglobin  becomes  gradually  reduced  to  biemoglobin. 
This  depends  on  the  putrefactive  changes  in  the  proteids,  and 
may  be  prevented  by  careful  aseptic  precautions.  If  the  reduced 
biemoglobin  be  shaken  for  a  few  moments  with  air,  the  bright 
color  characteristic  of  oxyhiemoglobin  soon  reappears,  and  if  the 
reducing  agent  be  not  injurious  to  the  blood,  the  rc<luction  and 
reoxidation  may  be  repeated  several  times,  the  biemoglobin  going 
through  the  changes  which  take  place  in  it  during  normal  respi- 
ration. 

The  union  of  oxygen  with  biemoglobin  solutions  is  not  mere 
absorption  of  the  oxygen  by  the  liquid,  but  a  definite  chemical 
combination.  This  is  seen  from  the  following  facts:  (1.)  When 
the  pressure  is  removed  the  oxygen  does  not  come  away  from  the 
liquid  in  accordance  with  the  law  which  governs  the  escape  of 
absorbed  gas  (vide  p.  239).  (2.)  The  two  substances  give  a  dif- 
ferent result  when  examined  with  the  spectroscope.  The  reduced 
haemoglobin  gives  one  wide  diffuse  band,  which  lies  between  the 
D  and  E  lines  of  the  solar  spectrnra,  and  much  of  the  violet  end 
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The  Spectra  of  Oxyhemoglobin,  reduced  hfemoglobin,  and  CO-htemo- 
globin.  (Garogee.) — 1,  2,  3,  and  4.  Oxyheemuglobin  iaereiising  in  strength 
or  thicknets  of  aolution.     6.  Reduced  heemoglobin.     6.  CO-hiemoglobia. 
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is  cut  off".  This  spectrum,  whifU  is  chnracteristic  of  refluccd  hretno- 
globin,  is  replaced  by  two  bands  when  the  hiemoj^lobin  combines 
with  oxygen — one  broad  Laud  in  the  green  near  E,  and  a  narrow 
one,  more  clearly  defined,  in  the  yellow  close  to  the  D  line;  both 
bands  lie  between  D  and  E.  With  strong  solutions  the  spectrum 
is  darkened  at  either  extremity,  and  the  two  bands  become  \vi<ler 
and  tend  to  fuse  into  one.  (3.)  Further,  the  oxygen  may  be  re- 
placed by  other  substances  which  unite  with  the  htemoglubiD. 
One  of  the  most  important  of  these  is  carbonic  oxide,  which  forms 
a  much  more  stable  compound  with  hicmoglobin  than  oxygen. 
It  is  of  a  bright  cherry-red  color,  and  has  two  ab.'orpliou  hands  in 
the  spectrum  very  like  those  of  oxyha;inoglobiu  ;  that  in  the  yellow 
is,  however,  removed  a  greater  distance  from  the  D  line  towards 
the  violet  end. 

It  is  this  comp<iund  which  is  fornicd  in  poisoning  with  carbonic 
oxide.  The  CO  occupy  lug  the  pl.iccof  the  oxygen,  thus  destroys 
the  function  of  the  blood  corpuscles.  CO-ha>moglobiii  may  be  dis- 
tinguished from  O  lutrnoglobin  by  not  being  redured  by  reagents 
greedy  of  oxygon,  nnd  by  the  bright  red  color  which  apjiears  when 
10  per  cent,  solution  uf  caustic  soda  is  added,  and  the  mixture 
healed.  O-bnjmoglobin  gives  a  muddy  brown  color  under  the 
same  treatment. 

Decomposition  of  H.emoulobin 

Hjeraoglobin  may  easily  be  broken  up  into  two  constituents — 
namely,  (.a)  a  colorless  substance  which  is  nearly  related  to  the 
class  of  protc'ids  caller!  globulin,  and  ( b)  a  blackish  red  amorphous 
material  called  Ilwmatiti,  which  contains  all  the  iron  of  the  hiwno- 
globiri. 

This  change  is  brought  about  by  whatever  causes  the  coagula- 
tion of  albumin,  such  as  the  addition  of  acids,  stroug  alkalies,  and 
heat  to  70°  C. 

H.«:matin,  etc. 

H^matin  is  a  secondary  product,  being  the  result  of  the  oxida- 
tion of  a  substance  called  hremocbroraogen,  which  is  the  first  out- 
come of  the  decom)x>aition  of  the  hsemoglobin.     U^mochromogen 
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can  only  be  obtained  in  an  atmosphere  of  hydrogen  or  nitrogen, 
as  it  immediately  takes  up  oxygen  to  form  ha;matiu.  The  form- 
ula C„H„N,Fe,0,„  hag  been  given  for  hicmatio.  It  dissolves  in 
weak  alkaline  and  acid  Bolutious,  hut  not  in  water  or  in  alcohol. 
Hsematin  is  readily  prepared  by  mixing  acetic  acid  with  a  strong 
solution  of  ha?n)oglobin,  which  becomes  a  dark  brown  color.  The 
dark  hicmalin  can  be  removed  by  ether.  But  if  the  acid  used  be 
strong,  the  solution  of  hsematiu  is  found  to  be  free  from  iron. 
This  iroo-free  htematin  Preyer  calls  kftmatoin.  If  now  the  acid 
hsemaliu  solution  be  saturated  with  ammonia,  the  iron  again  be- 
comes united  with  the  hiBmatoin,  forming  ulkali-hicmatin. 

H.EMIN. 

Hieraatiu  unites  with  hydrochloric  acid  to  form  a  crystallizable 
body  called  hcctnin  or  hydrochlorate  of  btematiu  (Teichmann's 
crystals). 

If  blood  or  dry  hjematin  be  mixed  with  a  small  rjuantity  of 
coniruuQ  salt,  a  drop  of  glacial  acetic  acid  added,  and  the  mixture 

Fio.  108. 


IlKmin  Crystals. 


boiled,  small  characteristic  crystals  appear  which  have  been 
found  to  be  produced  by  the  union  of  two  atoms  of  hydrochloric 
acid  with  the  htematin. 

The  formation  of  these  crystals  is  very  easily  accomplished  with 
a  gmall  quantity  of  old  dried  blood ;  therefore  this  substance 
becomes,  in  medico-legal  inquiries,  an  important  test  for  blood 
stains. 

Crystals  of  a  substance  called  Hoimatoidin  are  formed  in  old 
blood-clots  retained  in  the  body.  It  does  not  contain  any  iron, 
and  has  the  chemical  formula  C„H,,N,0,.  It  is  probably  iden- 
tical with  bilirubin,  one  of  the  coloring  matters  found  in  bile. 
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Globin. 

This  name  has  been  given  by  Pieyer  to  the  proteid  part  of 
the  htemoglobin,  on  account  of  its  slightly  differing  from  globulin, 
though  it  resembles  it  iu  being  precipitated  by  the  weakest  acids, 
even  carbon  dioxide. 

Chemistry  of  the  Stroma. 

The  stroma  forms  only  about  10  per  cent,  of  the  solid  parts  of 
the  corpuscles,  the  rest  Ijcing  lioimoglobin.  The  proteid  basis  of 
the  stroma  is  probably  mostly  made  up  of  a  globulin,  also  con- 
taining lecithin,  oholesterin,  and  fats  in  minute  proportions.  There 
is  little  more  than  one-half  per  cent,  of  inorganic  salts  in  the 
red  blood  corpuscles,  of  which  more  than  half  consists  of  potassium 
phosphate  and  chloride. 

Development  of  the  Red  Dlsks. 

In  the  early  days  of  the  embryo  the  bloodvessels  and  corpuscles 
appear  to  be  formed  at  the  same  time  from  the  middle  layer  of 
the  blastoderm^  mesoblast).  They  first  consist  of  round,  nucleated, 
colorless  cells,  which  subsequently  become  colored, gradually  lose 
their  nucleus,  and  assume  the  characteristic  shape  of  the  red  cor- 
puscles, the  rest  of  the  original  mass  of  protoplasm  remaining  as 
a  rudimentary  bloodvessel. 

In  the  later  stages  of  embryonic  life  the  red  corpuscles  are  said 
to  be  formed  in  the  liver,  possibly  out  of  protojjlasmic  elements 
which  are  made  in  the  spleen  and  thence  carried  to  the  liver  by 
the  portal  circulation. 

In  the  connective  tissue  of  rapidly  growing  animals — tadpole 
(Kolliker),  rabbit  (Ranvier),  rat  (.Schiifer) — certain  cells  can  be 
seen  to  be  connected  in  the  form  of  a  capillary  network, and  within 
the  protoplasm  of  these  cells  red  coloring  matter  is  developed,  and 
the  particles  of  color  can  soon  be  recognized  as  characteristic 
blood  corpuscles,  arranged  in  rows  within  the  newly-formed  net- 
works. Thus  isolated  small  networks  of  capillaries,  consisting  of 
a  few  meshes  filled  with  blood  corpuscles,  are  formed  independently 
of  the  general  circulation. 
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These  corpuscles  «nd  their  haemoglobin  are  matiufactured  by 
isolated  protopilasmic  elements  in  the  counective  tissue,  and 
subsequently  added  to  the  general  mass  of  blood  by  the  growth 
of  the  network  bringing  it  into  coutinuity  with  the  iieighboriug 
vessels. 

In  the  adult  the  formation  of  red  blood  corpuscles  is  of  course 
much  less  active,  but  certainly  never  ceases  to  take  place  in 
health,  for  the  corpuscles  must  be  renewed  as  they  become  worn 
out,  and  incapable  of  performing  their  function.  This  reproduc- 
tion can  go  on  with  considerable  rapidity,  as  wc  see  after  severe 
bcemorrhage,  when  ihe  normal  richness  iu  haimoglobin  and  cor- 
puscles is  soon  arrived  at.  Their  formation  is,  however,  probably 
confined  to  a  few  special  organs — spleen,  liver,  red  medulla  of 
bones — where  transitional  forms  are  found  in  such  numbers  as  to 
point  to  the  probability  of  the  red  corpuscles  being  the  offspring 
of  the  colorless  cells,  whose  protoplasm  either  manufactures  anew 
or  collects  the  necessary  hscnioglobin,  and  then  loses  its  nucleus 
and  ordinary  cellular  characters. 

We  can  only  guess  at  the  fate  of  the  disks,  but  there  are  many 
things  which  poiut  to  the  spleen  as  the  organ  in  which  they  are 
destroyed.  Iu  the  spleen  an  euormous  number  of  protoplasmic 
elements  are  produced,  and  the  blood  comes  into  relationship  with 
the  nascent  cells  in  a  way  unknown  iu  any  other  part  of  the  body. 
Further,  various  unusual  elements,  some  like  altered  red  cor- 
puscles, others  like  white  cells  enveloping  haemoglobin,  are  found 
in  this  organ. 

The  blood  corpuscles,  on  coniing  to  the  spleen,  are  possibly  sub- 
mitted to  a  kind  of  preliminary  test  of  general  fitness,  some 
elements  of  the  spleen  pulp  having  the  faculty  of  examining 
their  condition  and  deciding  upou  their  fate.  Many,  no  doubt, 
pass  the  trial  without  any  change,  being  found  in  good  working 
order.  Others  that  are  found  totally  unfit  are  broken  up,  and 
their  effete  hemoglobin  carried  to  the  liver  to  be  eliminated  as 
bile  pigment.  Some  possibly  undergo  a  form  of  repair,  a  white 
cell  taking  charge  of  a  weakly  disk  renews  its  stroma,  adds  to  its 
haemoglobin,  and  carries  it  through  the  final  proof  in  the  liver, 
where  it  is  chemically  refreshed  before  going  to  the  lungs  for  the 
load  of  oxygen  which  it  has  to  carry  to  the  systemic  capillaries. 
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The  Gases  of  the  Blood. 

These  are  present  in  two  conditioDs:  i.e.,  (1)  dissolved  in  it 
in  accordance  with  well-established  physical  laws,*  and  (2)  chemi- 
cally comhined.  But,  since  the  latter  are  but  loosely  combined, 
they  may  be  separated  by  the  same  means  as  the  former,  and  thus 
the  oxygen,  carbon  dioxide,  and  nitrogen,  can  all  be  removed  by 
reducing  the  pressure  with  the  air-pump.  For  this  purpose  a 
mercurial  pump  must  be  used,  by  means  of  which  a  practically 
perfect  vacuum  can  be  formed,  and  all  the  gases  obtained  in  a 
manner  which  facilitates  further  analysis.  Together  they  are 
found  to  measure  about  60  volumes  for  every  100  volumes  of 
blood. 

Oxygen. — The  amount  of  oxygen  in  the  blood  is  found  to  vary 
much  with  circumstances.  In  arterial  blood  the  quantity  is  much 
more  constant,  and  always  exceeds  that  in  venous  blood.  It  is 
estimated  (at  0°  C.  and  760  mm.  pressure)  that  every  100  volumes 
of  arterial  blood  yield  20  volumes  of  oxygen,  whilst  the  volume 
of  oxygen  in  venous  blood  varies  from  8  to  12  per  cent. 

The  oxygeu  which  comes  off  in  the  Torricellian  vacuum  exists 
in  the  blood  in  two  distiuct  states:  (1)  a  very  small  quantity 
simply  absorbed — about  as  much  as  water  absorbs  under  atmos- 
pherio  pressure;  (2)  chemically  combined,  in  which  state  nearly 
all  the  oxygen  exists,  and  forms  with  the  hiemoglobin  a  loose 
combination  called  oxyhiemoglobin.  This  oxygen,  therefore,  does 
not  follow  the  laws  of  absorption  by  leaving  the  blood  in  propor- 
tion as  the  pressure  is  reduced,  but  at  a  certain  point  of  reduction 

*  I.  A  given  liquid  absorbs  the  same  voiume  of  a  given  gas  indepenilent  of 
the  pressure  exercised  by  thai  gas. 

II.  At  the  same  leiuperature  tlie  volume  of  a  gas  varies  inversely  with  the 
pressure,  so  that  with  twice  the  pressure  a  given  volume  of  gas  is  twice  the 
weight. 

III.  Therefore,  the  amount  by  wtighl  of  gas  absorbed  by  a  liquid  depends 
directly  on  the  pressure,  being  mi  in  vacuo. 

The  weight  of  a  given  volume  of  gas  decreases  as  the  temperature  in- 
crease* ;  therefore,  the  amount  of  gas  absorbed  is  in  inverse  proportion  tu  the 
temperature,  being  practically  nil  at  boiling  point. 
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of  pressure  (20  mm.  mercury)  the  oxygen  comes  off  almost  com- 
pletely. 

Carbon  Dioxide  (CO,). — The  amount  of  carbon  dioxide  also 
varies  more  in  venous  than  in  arterial  blood,  for  under  certain 
circumstances  (suffocation)  it  may  rise  to  over  60  volumes  per 
cent.,  although  ordinary  venous  blood  on  an  average  contains 
only  4G  volumes  in  every  100.  On  the  other  band,  the  amount 
of  this  gas  in  arterial  blood  varies  little  from  39  volumes  per 
cent. 

The  larger  proportion  of  carbon  dioxide  exists  in  the  plasma, 
where  it  appears  to  be  cheraically  combined  with  soda  salts- 

Nitrogen. — The  amount  of  nitrogen  does  not  vary  much,  being 
in  both  venous  and  arterial  blood  about  1.5  volume  per  cent., 
and  it  would  appear  to  be  simply  absorbed. 

For  further  details  about  arterial  and  venous  blood,  see  Respira- 
tion. 


CHAPTER  XV. 
OOAQDLATION  OF  THE  BLOOD. 

In  speaking  of  tlie  chemical  relationship  of  the  pla.sma  (see  p. 
216),  the  formation  of  fibrio  has  been  meDtioaecl  as  the  essential 
item  in  coagulation,  and  the  relatii>u  of  fibrin  to  its  probable  pre- 
cursors has  been  discussed.  If  the  points  there  explained  be  borne 
in  raind,  and  the  presence  of  the  corpuscles  be  taken  into  account, 
the  various  characteristics  of  the  clot  which  forms  when  blood  is 
shed  into  a  vessel  can  be  easily  understood,  and  should  recjuire  no 
further  description.  The  great  importance  of  the  coagulation  of 
the  blood  in  pathological  processes  makes  it  expedient,  however, 
to  consider  more  closely  the  step  of  the  process  as  well  as  the 
various  circumstances  under  which  it  occurs  after  its  removal,  as 
well  as  in  the  living  vessels. 

Before  the  forraiitinn  nf  a  perfect  clot,  blood  may  be  seen  after 
it  is  shed  to  fiass  through  three  stages:  1,  viscous;  2,  gelatinous; 
3,  contraction  of  clot  and  separation  of  serum. 

The  first  stage  is  very  short  and  in  thin  layers  of  blood  passes 
immediately  into  the  second.  With  considerable  quantities  of 
blood,  contained  in  deep  vessels,  the  central  parts  take  some  little 
time  to  turn  into  a  firm  jelly,  so  that  the  completion  of  the  second 
stage  may  occupy  from  one  to  thirty  minutes. 

After  from  ten  to  fifteen  hours  the  third  stage  begins;  clear 
drops  of  serum  appear  about  Ibe  clot,  which  contracts  until  it 
forms  hut  a  comparatively  small  mass  floating  in  the  serum.  If 
the  jelly-like  clot  be  disturbed,  the  serous  fluid  makes  its  appear- 
ance much  sooner  than  the  time  just  stated. 

During  the  formation  of  the  clot  under  ordinary  circumstances 
the  corpuscles  are  entangled  in  the  meshwork  of  fibrin,  so  that 
the  gelatinous  mass  has  throughout  a  dark  reti  color. 

If  the  coagulation  takes  place  slowly — as  it  does  in  very  cold 
weather,  in  horses'  blood,  or  iu  human  blood  if  removed  from  a 
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person  during  fever — then  the  heavier  red  corpuscles  have  time 
to  subside  to  the  lower  layers  of  the  clortiiig  plasma,  while  the 
white  cells  are  caught  iu  the  meshes  of  the  fibriu  and  remain  iu 
the  upper  layer  of  the  clot,  which  then  has  the  paie  color  familiar 
to  the  physician  in  the  old  days  of  bleeding  as  the  "buffy  coat," 
or  crusta  phhgisHca.  This  buff'y  coat  contains  a  greater  proportion 
of  the  elastic  fibrin  and  soft  white  celts  than  the  rest  of  the  clot, 
and  incloses  but  few  red  corpuscles,  therefore  the  fibrin  can  con- 
tract more  completely  in  this  upper  layer  than  iu  the  deeper  part 
of  the  clot,  which  includes  .the  red  corpuscles.     The  effect  of  this 

Fig.  109. 


Reticulum  of  Fibrin  Threads  after  staining  has  iiiiide  them  visible.    Tlie 
network  (6)  appears  to  start  from  granular  centres  (a).    (Runvier.) 

is,  that  the  upper  surface  becomes  concave,  and  a  "cupped"  clot 
18  formed.  The  contraction  of  the  clot  proceeds  for  days,  and  iu 
order  to  see  the  characters  described  above,  the  blood  should  be 
kept  in  a  cool  place  and  perfectly  motionless. 

The  contraction  of  the  fibrin  and  separation  of  the  serum  can 
be  made  to  take  place  much  more  quickly  by  gentle  agitation 
causing  the  ends  of  the  fibrin  threads  to  separate  from  the  sides  of 
the  vessel,  but  by  thus  disturbing  the  clot,  during  ita  formation, 
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the  corpuscles  are  displac«d  and  escape  into  the  aerum,  which  is 
thus  stained  and  cannot  be  seen  in  its  clear  transparent  state. 

If  brisk  agitation  with  a  glass  rod — or  better,  a  bundle  of 
twigs — be  commenced  the  moment  the  blond  is  drawn,  the  fibrin 
is  formed  more  rapidly,  but  the  corpuscles  are  not  entangled  in 
its  meshes,  for  as  quickly  as  the  elastic  threads  are  formed  they 
adhere  firmly  to  the  rod  or  twigs.  Thus  the  fibrin  is  formed  very 
rapidly,  and  the  ordinary  blood-clot,  consisting  of  fibrin  and  the 
corpuscles,  does  not  appear,  for  the  fibrin  is  separated  from  the 
latter  during  the  coagulation.  We  then  have  what  is  commonly 
spoken  of  as  "defibrinated  blood,"  which  does  not  give  a  clot. 
Not  that  the  clotting  has  been  prevented,  but  the  material  essen- 
tial for  the  formation  of  a  clot  has  been  removed  as  quickly  as 
formed,  and  instead  of  catching  the  corpuscles  in  the  meshes  of  its 
delicate  fibrils  to  form  the  ctot  in  the  ordinary  way,  the  stringy 
shreds  of  fibrin  cling  around  the  beating-rod  as  a  jagged  mass. 
The  following  tables  show  the  relation  of  the  different  constituents 
of  coagulated  and  defibrinated  blood  respectively : 

r  Serum  (appearing  as  clear 
i      fluid). 

n"^""   ,     I  =  Blood  clot. 

i,  Corpuscles  j 

f  Fibrin    (removed    on    the 
I       rod). 


C  Plasma 


Living  Blood  ^  ■<  ^  , 

^  I  Corpuscles 


.} 


Living  Blood : 


I  Plasma       } 
\  Corpuscles  j 


"l  Serum 
Corpuscles 


Defibri- 
nated 
blood. 


Many  circumstances  influence  the  rapidity  with  which  a  blood 
clot  is  formed.  Speaking  generally,  the  removal  of  the  blood  from 
its  normal  supply  of  nutrition  and  from  the  opportunity  of  pre- 
serving the  necessary  equilibrium  of  chemical  interchange  be- 
tween the  corpuscles,  the  plasma,  and  the  tissues — in  short,  cir- 
cumstances which  tend  to  injure  the  corpuscles  or  the  plasma, 
and  promote  the  changes  reaulting  in  their  death — must  hasten 
coagulation  ;  while,  on  the  other  hand,  the  conditions  which  pro- 
tect the  corpuscles  and  impede  the  stages  in  fibrin  formation  must 
retard  coagulation. 
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These  may  be  arranged  categorically,  viz. 

A.  Circumatances  proraotiug  coagulation  : 

1.  Contact  uith  foreign  bodies  is  of  the  first  inaportauce  in 
hastening  coagulation.  The  greater  the  surface  of  con- 
tact with  the  vessel  or  the  air,  the  more  the  corpuscles 
are  exposed  to  injury,  and  the  more  rapid  are  the 
destructive  chemical  changes  inducing  fibrin  formation. 
Thus  a  drop  or  two  of  blood  falling  on  any  surface  so  as 
to  spread  out  in  a  thin  layer  clots  almost  instantly. 

2.  Motion,  by  renewing  the  pointa  of  contact  between  the 
blood  and  the  mo vinj;  agent,  hastens  coagulation.  Thus, 
by  whipping  fresh  blood,  all  the  fibrin  can  be  removed 
in  a  few  minutes,  and  the  defibrinated  blood  left  without 
a  clot. 

3.  Moderate  heai.  The  formation  of  the  fibrin  generators  and 
the  action  of  the  ferment  seem  logo  on  more  rapidly  at 
38°-40°  C.  than  any  other  tem|>erature. 

4.  A  toatery  condition  of  the  blood  causes  rapid  coagulation 
but  a  soft  clot.  This  is  seen  in  repeated  bleedings  or 
hajmorrhages ;  the  blood  which  flows  last  clots  first. 

5.  The  addition  of  a  tmail  quantitif  of  water  by  setting  up 
rapid  changes  in  the  corpuscle.^  accelerates  coagulation. 

6.  A  supply  of  oxygen. — Oxygen  is  used  up  in  the  chemical 
changes  attendant  upon  the  death  of  the  blood,  and  its 
presence  aids  the  fornmtion  of  firm  clots,  such  as  are 
produced  in  arterial  blood.  Exposure  to  the  air  in  a 
shallow  ve.ssel  facilitates  coagulation,  partly  by  exten- 
sive contact  and  partly  by  a  free  supply  of  oxygen.  But 
exposure  to  air  is  uot  necessary,  for  blood  collected  in 
mercury,  without  ever  coming  in  contact  with  the  air, 
coagulates  very  rapidly. 

B.  Circumstances  which  retard  coagulation  : 

1.  Constantly  renewed  and  close  inter-relationship  with  the 
lining  of  healthy  bloodvetselt  alone  affords  the  require- 
ments essential  for  the  preservation  of  the  living  cor- 
puscles and  plasma  in  their  normal  condition. 
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2.  When  the  blood  is  surrounrled  by  healthy  liviuf;  tisntes, 
interchanges  may  occur  between  them,  and  if  the  oxygen 
supply  ig  deficient,  coagulation  is  much  delayed.  Thus 
considerable  quantities  of  blood  effused  into  the  tissues 
may  be  liquid  and  black  for  many  days  after  its  escape 
from  the  vessels.  This  dark  blood  clots  on  removal  and 
exposure  to  the  air. 

3.  Low  temperature. — The  rate  of  coagulation  decreases  with 
a  temperature  below  38°  C,  and  the  process  is  checked 
at  0"  C. 

4.  A  great  quantity  of  water  seems  to  render  the  action  of  the 
fibrin  factors  weak. 

5.  The  additiun  of  egg  albumin,  syrup  or  glycerin,  retards  the 
process. 

6.  The  addition  of  concentrated  solutions  of  neutral  salts 
(about  three  volumes  of  30  per  cent,  solution  of  magne- 
sium sulphate)  quite  prevents  coagulation. 

7.  The  addition  of  small  quantities  of  alkalies. 

8.  The  addition  of  acetic  acid  until  very  slight  acid  reaction 
is  obtained. 

9.  Increase  in  the  amount  of  carbon  dioxide.  This,  together 
with  the  want  of  oxygen,  explains  why  venous  blood 
clots  more  slowly  and  loosely  than  arterial,  and  why  the 
blood  in  the  distended  right  side  of  the  heart  is  commonly 
liquid  after  death  from  suffbcatiou. 

10.  The  blood  of  persons  suffering  from  inflammatory  dis- 
ease coagulates  slowly,  but  forms  a  very  firm  clot. 

Since  the  blood  coagulates  spontaneously  when  removed  from 
the  body,  the  question  now  arises,  how  does  it  remain  fluid  iu  the 
bloodvessels? 

Though  this  question  has  long  occupied  much  attention,  it  is 
still  difficult  to  formulate  a  definite  answer.  Nor  can  we  expect 
to  find  any  adequate  explanation  until  we  are  better  acquainted 
with  the  exact  details  of  the  origin  of  the  fibrin  generators.  It 
must  be  remembered  that  the  blood  should  be  regarded  as  a  tissue, 
made  up  of  living  constituents  requiring  constant  assimilation  and 
elimination  for  the  maintenance  of  its  perfectly  normal  conditions 
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and  life.  One  can  coiifideutly  say  that  poaf^ulation  is  the  nut- 
come  of  certain  chemical  changea  concomituiit  with  the  death  of 
this  lisaue,  and  that  while  the  tissue  lives  no  such  changes  lake 
place.  But  such  au  auswer  adds  little  to  our  knowledge  of  the 
matter. 

Since  constant  chemical  intercourse  must  be  kept  up  between 
the  blood  and  hs  surroundings  iu  order  to  sustain  the  complex 
chemical  integrity  essential  lor  its  life,  we  cannot  be  surprised 
that  its  waste  materials  accumulate,  and  that  it  soon  dies  when 
shed,  just  as  other  tissues  do  when  deprived  of  their  nieansof  sup- 
port. The  formation  of  a  solid  and  the  separation  of  a  li<juid 
form  of  proteid  is  iu  uo  way  unusual  as  a  first  step  in  the  decline 
from  exalted  chemical  cunstriiction,  for  similar  changes  occur  in 
other  tissues,  and  in  protojila.sra  itself  The  soft  contractile  sub- 
stance of  muscle,  probably  during  its  contraction,  and  certainly 
at  its  death,  tends  to  undergo  almost  exactly  the  same  kind  of 
chauge  as  the  blood  in  coagulation. 

If  we  knew  accurately  the  nutritive  process  taking  place  in  the 
blood  itself,  and  with  which  of  itaaurruuudiugs  it  keeps  up  chemi- 
cal interchange,  the  answer  would  be  much  simplified.  But  we 
have  iu  the  blood  three  elemeots  that  probably  have  different 
modes  of  assimilation  and  elimination,  viz.,  plasma,  white  cells, 
Hud  red  disks.  But  we  practically  know  nothing  of  the  changes 
they  undergo  during  their  nutrition  ;  or  whether  their  tissue- 
changes  have  any  necewary  relation  to  those  of  the  neighboring 
tissues.  We  do  know,  however,  that  there  exists  some  very  inti- 
mate relation  between  the  membrane  lining  the  vessel  walls  and 
the  contained  blood.  They  seem  to  require  frequently-repeated 
contact  one  with  the  other  iu  order  that  the  normal  condition  of 
both  may  be  maintained  in  perfect,  vital  integrity.  Thus  fresh 
supplies  of  blood  are  required  by  the  vessel  wall,  for,  when  de- 
prived of  its  nutriment  by  a  stoppage  of  the  blood-flow,  it  soon 
loses  its  power  of  retaining  the  blood,  and  admits  of  extravasa- 
tion ;  and  renewed  contact  with  the  vessel  wall  is  equally  ueces- 
sary  for  the  blood,  for  the  cells  congregate,  and  the  plasma,  when 
the  stasis  becomes  injurious  to  the  intima,  coagulates.  Probably 
the  chemical  changes  going  ou  in  the  one  are  useful  for  the  outri- 
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tipn  of  the  other,  and  that  they  mutually  supply  one  another  with 
some  material  essential  for  their  life.  This  is  apparent  in  those 
cases  where  coagulation  takes  place  during  life  iu  the  vessels.  It 
never  occurs  so  long  as  the  iotima  of  the  vessel  is  perfect,  and  the 
blood-flow  constant,  but  it  follows  lesion  of  this  delicate  mem- 
brane whether  caused  by  injury  or  by  mal-uiilritiou. 

The  gradual  occurrence  of  this  impairment  of  function  of  the 
intima  can  be  watched  under  the  microscope  in  the  small  vesselg 
of  a  transparent  part  duriiip;  the  iiiitiiil  stages  of  iiiflnrntnation. 
Owing  to  the  arr&st  of  the  How  of  blood,  the  walla  of  the  small 
vessels  sufler  from  defective  nutrition,  and  may  be  seen  to  allow 
some  elements  to  escape,  while  the  disks  adhere  together  and  the 
blood  coagulates. 

Id  the  larger  vessels  the  same  thing  occurs  when  inflammation 
of  their  lining  membrane  destroys  its  capability  of  keeping  up 
the  necessary  nutritive  equilibrium.  Thus  clots  form  on  the  inner 
lining  to  the  walls  of  an  inflamed  veiu,  often  growing  so  as  to 
fill  the  entire  vessel,  and  give  rise  to  a  condition  called  thrombmis. 

On  the  left  valves  of  the  heart  and  in  the  arteries,  where  the 
delicate  intima  is  subjected  to  great  mechanical  strain,  it  is  com- 
mon enough  to  find  slight  injuries  of  it  covered  over  with  thin 
clots.  To  the  surgeon  this  mutual  nutrition  of  intima  and  blood 
is  of  the  utmost  importance  in  studying  the  occlusion  of  vessels, 
for  it  is  upon  this  fact  he  has  mainly  to  depend  for  the  stoppage 
of  hiemorrhage  from  a  wounded  artery.  A  tightly-tied  ligature 
either  injures  the  inner  coats  mechanically,  or  starves  the  intima 
by  checking  the  flow  of  blood  through  the  vessel  up  to  the  next 
branch,  and  that  portion  of  the  vessel  is  filled  with  stationary 
bliiod,  which  soon  clots  and  forms  an  adherent  plug.  But  if  the 
ligature  be  applied  too  loo.sely,  a  slight  blood-current  passes 
through  the  point  where  the  vessel  is  tied,  and  this  suffices  for  the 
nutrition  of  the  intima  by  the  renewal  of  the  blood's  contact,  so 
that  no  clot  is  formed,  the  vessel  is  not  closed,  and  most  probably 
when  the  ligature  has  cut  through  the  outer  coat  secondary  ha:m- 
orrbage  occurs. 

It  has  also  been  shown  that  if  any  foreign  substance,  such  as  a 
thread,  be  introduced  into  the  blood  while  circulating,  a  coagulura 
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will  form  around  it.  From  this  it  would  appear  that  the  presence 
of  a  substance  which  cannot  carry  on  the  necessary  chemical  io- 
tercourse  with  the  bloud  will  excite  irritation  in  its  elements,  and 
so  effect  slight  local  death  of  the  plasma  and  the  production  of 
fibrin. 

The  time  required  for  the  production  of  intravascular  coagula- 
tion as  a  result  of  mere  stasis  is  happily  long,  for  it  has  been  found 
that  the  blood  current  may  be  stopped  in  a  limb,  by  pressure  or 
otherwise,  for  many  hours  without  coagulation  occurring.  In- 
deed, cases  have  occurred  where  a  tight  bandage  has  stopped  the 
circulation  for  an  entire  day  without  coagulation  taking  place. 
This  is  explained  by  the  fact  that  so  long  as  the  intima  lives,  the 
blood  remains  fluid  ;  in  short,  the  tissues  die  before  the  blood 
clots  in  the  vessels. 

The  tissues  continue  to  live  for  some  time  after  an  animal  is 
dead,  and  so  we  see  the  blood  remains  fluid  in  the  vessels  a  long 
time  after  death  ;  in  fact,  as  long  as  the  vessel  wall  can  nourish 
itself  aud  live.  Thus  it  has  been  shown  that  blood  in  a  horse's 
jugular  vein  separated  by  ligature  from  the  circulation,  and 
removed  from  the  animal,  will  remain  fluid  for  fully  twenty-four 
hours. 

In  cold-blooded  animals  the  tissues  live  for  even  a  longer 
time.  The  heart  of  the  tortoise,  if  kept  under  suitable  conditions, 
will  beat  for  two  days  when  removed  from  the  body,  and  as 
Briitke  has  shown,  blood  contained  in  it  will  remain  fluid  until 
after  the  heart  is  dead. 

If  the  details  of  fibrin  formation  be  followed  within  the  blood- 
vessels, it  is  found  that  the  injured  spot  or  foreign  body  first  be- 
comes covered  over  with  white  corpuscles,  around  which  threads 
of  fibrin  appear  attached  to  the  rough  surface.  Ab  more  fibrin  is 
formed  and  the  layer  thickens,  only  a  few  cells  can  be  seen  in  its 
meshes,  but  a  great  number  always  exist  on  the  surface  of  the  new 
fibrin,  forming  a  layer  between  it  and  the  blood.  It  is,  moreover, 
remarked  that  coagulation  has  some  relation  to  the  abundance  of 
white  cells  in  all  spontaneously  coagulating  fluids.  The  more 
cells,  the  firmer  the  clot.  In  pathological  exudations,  also,  and 
those  acute  serous  collections  which  coagulate  on  removal  from 
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the  botly,  fine  granular  threads  of  fibrin  seem  to  start  from  the 
white  cells,  and  radiate  from  them  in  a  stellate  manner. 

Alex.  Schmidt  believes  that;  a  great  number  of  white  blood 
cells  undergo  chemical  disintegration  the  instant  the  blood  is 
shed,  and  he  considers  that  the  fibrin  ferment,  and  probably  other 
fibrin  generators,  are  the  result  of  the  destruction  of  these  weak 
cells;  and  he  excludes  the  red  corpuscles  from  taking  any  share 
in  the  process. 

However,  there  is  good  evidence  that  the  plasma  and  the  disks 
can  give  rise  to  all  the  fibrin  factors,  and  we  know  that  in  the 
circulation  white  cells  must  be  destroyed  and  yet  cause  no  coag- 
ulation. 

Moreover,  if  some  blood  be  allowed  to  flow  into  a  fine  capillary 
tube,  the  white  cells  cao  be  seen  to  move  away  from  the  red  disks, 
and  the  formation  of  the  clot — a  delicate  fibrin  network  inclosing 
the  disks — may  be  watched.  Here  the  white  cells  exhibit  mani- 
festations of  life  for  a  considerable  time  after  the  clot  has  been 
formed,  and  their  death  could  not  have  been  the  source  of  the 
fibrin  factors. 

In  conclusion,  then,  we  can  only  suppose  that  as  in  other  tissues 
some  chemical  changes  must  go  on  in  the  elements  of  the  blood. 
These  changes  give  rise  to  new  products  which  may  produce 
fibrin,  and  hence  cause  coagulation.  But  so  long  as  the  elements 
of  the  blood  are  frequently  brought  into  close  relatioa.ship  with  a 
healthy  vessel  wall,  the  fibrin  factors  are  either  produced  iu 
such  small  quantity  as  to  be  ineffectual,  or  they  are  altered, 
destroyed,  or  taken  up  by  the  inlima  and  possibly  utilized  for  its 
nutrition.  When  the  blood  is  removed  from  the  vessels,  the  pm- 
duction  of  the  fibrin  factors  proceeds  effectually,  either  on  account 

Lof  the  blood  elements  undergoing  destructive  changes,  and  accu- 
mulating the  products — fibrin  generators;  or  owing  to  the  im- 
possibility of  re-integration,  the  fibrin  factors  suddenly  appear  as 
a  product  of  lethal  chemical  change  or  decomposition. 
In  accepting  the  first  view,  we  only  adopt  the  theory  of  John 
Hunter,  who  thought  coagulation  was  an  act  of  life.  If  we  adopt 
the  other  view,  we  must  needs  say  it  is  an.  act  of  death.  But, 
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after  all,  this  is  a  mere  difference  in  degree,  for  how  can  we  dis- 
tinguish between  the  failure  of  a  tissue  to  re-integrate  or  repair 
its  normal  chemical  changes  upon  which  its  life  depends,  and  the 
inevitable  result  of  this  failure  (if  prolonged  bejrond  a  certain 
point)  namely,  its  death  ? 

When  white  cells  congregate  at  a  point  from  which  the  intima 
is  stripped  from  a  vessel,  their  more  active  exertion  possibly  pro- 
duces more  ferment,  etc.,  and  at  the  same  time  they  remain  at  the 
injured  part  of  the  vessel  wall,  and  the  removal  of  the  fibrin  factors 
cannot  occur,  since  the  intima  is  destroyed  ;  hence  local  clots  are 
formed  which  extend  over  the  injured  surface,  and  by  a  process 
of  organization,  probably  the  repair  of  the  denuded  patch  can  be 
ncoinplislicd. 


CHAPTER  XVI. 


TETE  HEART. 


Fio.  no. 


R.H. 


1.0. 


The  course  taken  by  the  blood  on  its  way  to  the  various  parts 
of  the  body  is  called  the  circulation,  on  account  of  its  having  to 
make  repeatedly  the  circuit  of  vessels  leading  from  and  to  the 
heart.  The  heart  is  the  great  motor  power  which  drives  the  blood 
through  all  the  vessels,  of  which  there  is  one  set  leading  from 
and  to  the  organs  of  the  system  generally,  and  another  set  lead- 
ing to  and  from  the  lungs. 

Anatomists  speak  of  two  circulations — the  greater  or  systemic, 
and  the  lesser  or  pulmonary,  How- 
over,  if  we  follow  the  course  of  the 
blood,  we  see  that  both  these  sets 
of  vessels  really  belong  to  the  one 
circulation,  and  in  fact  form  but 
one  circuit.  The  bloo<l  passing 
through  the  lungs  and  systemic 
vessels  consecutively  visits  the 
heart  twice  on  its  way,  in  order  to 
acquire  the  force  necessary  to 
overcome  the  resistance  of  the  two 
sets  of  capillaries.  Although  iu 
all  the  higher  animals  the  heart 
forms  but  a  single  organ,  it  prac- 
tically is  composed  of  two  muscular  pumps  which  are  anatomically 
united  but  distinct  iu  function.  In  its  course  round  the  circula- 
tion the  blood  visits  each  of  these  functionally  distinct  hearts  at 
quite  different  parts  of  its  circuit.  The  right  heart  is  placed 
before  the  pulmonary  vessels  and  pumps  the  blood  through  the 
lungs.  The  left  heart  is  placed  before  the  systemic  vessels  and 
pumps  the  blood  through  the  body  generally.  Thus  anatomically 
there  appear  to  be  two  circulations  and  but  one  heart;  physio- 


Diagram  (if  Circulation,  show- 
ing right  (R.H.)  and  left  (l.h.) 
hc'urtK,  und  tlio  pulmonary  (p)  and 
systemic  (s)  sets  of  capillaries. 
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logically  there  is  one  circulation  and  two  hearts  ;  or  two  points  of 
resistance  and  two  distinct  pumping  organs  to  drive  the  blood 
through  the  obstacles. 

The  circulation  might  then  be  represented  by  a  simple  diagram 
(Fig.  110)  in  which  the  direction  of  the  current  is  indicated  by 

the  arrows.   L.  H.  shows  the 
Fio.  111.  position  of  the  left  or  syste- 

^  I   ^  -J  i/~       '"''^  pump,  and  8.  the  resist- 

^V  .^^^■BhUpAb^^     Bnce  in  the  systemic  vessels. 

R.  H.  represents  the  pul- 
monary pump,  and  P.  the 
second  obstacle  in  the  cir- 
cuit, viz.,  the  vessels  of  the 
lungs. 

However,  it  must  be  re- 
membered  that    the    right 
and  left  pumping  organs  are 
fused  into  one  viscus,  which 
has  two  distinct  and  separate 
channels  for  the  pa.ssage  of 
the   blood    Through  it.     In 
each  system  of  bloodvessels 
we   have  the  same  general, 
arrangement  for  the  distri- 
bution and  re-collectioQ  of 
the  blood. 
In  passing  from  either  the  right  or  left  side  of  the  heart  the 
blood  flows  into  tubes  called  arteries,  which  divide  and  subdivide 
until  the  branches  become  microscopical  in  size.     From  the  very 
minute  arteries  the  blood  passes  into  the  capillaries,  which  can- 
not be  said  to  branch  but  are  arranged  so  as  to  form  a  network  of 
delicate  tubes  with  more  or  less  close  meshes,  according  to  the  part. 
Connected  with  the  meshes  of  the  capillaries  are  other  small 
vessels  which  collect  the  blood  from   the  networks  (Fig.  111). 
These  unite  one  with  another  to  form  larger  vessels  which  again 
are  but  the  tributaries  of  the  larger  veins  which  bear  the  blood 
back  to  the  heart. 


Capillary  Network  of  ihe  Clioroid  of  n 
Child  of  a  few  montlis  old.  (Cadiat.) — 
(a)  Artery.  (6)  Vein,  and  cspillary  net- 
work intervening. 
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About  three  bimdretl  years  ago  the  true  course  of  the  hlood 
current  through  the  systemic  and  pulmonary  heart,  arteries,  and 
veins,  so  as  to  form  one  circle,  was  demonstrated  by  Haryey. 
Before  his  time  only  the  so-called  "  lesser  "  or  pulmonary  circuit 
was  known.  But  the  magnifying  glasscu  at  his  disposal  did  not 
enable  him  to  see  the  capillaries 
which  were  first  described  by  Mal- 
pighi  some  fifty  years  later. 

In  the  hope  of  making  the  gen- 
eral differences  of  functions  more 
striking,  the  various  parts  of  the 
circulatory  apparatus  may  be  enu- 
merated according  to  their  several 
duties  and  roughly  illustrated  by 
a  diagram  (Fig.  112): 

1.  The  left  (systemic)  heart  (L. 
H.)  pumps  the  blood  into  the  sys- 
temic arteries,  and  thus  keeps  these 
vessels  over-filled. 

2.  The  larger  systemic  arteries 
(A.),  by  their  elasticity  exert  con- 
tinuous pressure  on  the  blood  with 
which  they  are  distended. 

3.  Thesmallersysteraicarterioles 
(A'.),  by  their  vital  contractility, 
check  and  regulate  the  amount  of 
blood  flowing  out  of  the  larger 
arteries  into  the  capillaries,  and 
thus  keep  up  the  tension  of  the 
larger  arteries. 

4.  The  systemic  capillaries  (6.  C),  where  the  essential  opera- 
tion of  the  blood  is  carried  out,  viz.,  the  interchange  between  it 
and  the  tissues. 

5.  The  wide  systemic  veins  (V.)  are  the  passive  channels  con- 
veying the  impure  blood  to  the  pulmonary  heart. 

6.  The  right  (pulmonary)  heart  (R.  H.),  pumps  the  blood  into 
the  pulmonary  arteries  and  over-fills  them. 


I)iagrain  of  tho  (Jiroiilntion  of 
the  Blood  and  the  iilMurl>enl  ?M- 
8c1b.     For  details  »»<  text. 
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7.  The  pulmonary  arteries  (P,  A.)   press  steadily   upon  the 
blood  and  force  it  through  the  following,  viz. : 

8.  Small  pulmoDary  arterioles  (P.O.).  which  regulate  the  flow 

into  the  capillaries. 

Fio.  113. 


Interior  of  Right  Auricle  and  Ventricle  eipoued  by  the  removal  of  a  part 
of  tlieir  walls.  (Allen  Thomson.) — 1.  Superior  vena  cava.  2.  Inferior  vena 
cava.  2'.  Hepatic  veins.  3,  3',  3'".  Inner  wall  of  rijjlit  auricle.  4,  4. 
Cavity  of  right  ventricle.  4'.  Papillary  muscle.  5,  S',  5".  Flaps  of  tri- 
cuspid valve.  8.  Pulmonary  artery,  in  the  wall  of  which  a  window  has 
been  cut.     7.  Placed  on  aorta  is  near  the  ductus  arteriosqs. 

9.  The  pulmonary  capillaries  (P.  C),  where  the  blood  is  ex- 
posed to  the  air,  and  undergoes  active  gas-interchange. 

10.  The  pulmonary  veins  (P.  V.),  carrying  the  blood  to  the 
left  heart,  and  thus  completing  the  circuit. 
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LA.  indicates  the  lymphaticm,  which  drain  tho  tiMiinii,  and  Ue, 
the  lacteaU,  which  absorb  from  the  stomach  and  iiilc^tinea  1 1;. 

Fio.  1 14. 


The  Left  Auricle  and  Ventricle  opened  and  piirt  of  their  walls  removed 
to  show  their  cavilics.  (Allen  Tlioin*oii.) — 1.  Right  pulmonary  vein  cut 
Hhort.  1'.  Cavity  of  left  auricle.  3.  Thick  wall  of  left  ventricle.  •!.  Por- 
tion of  the  SBtne  with  papillary  rausL-le  attachetl.  5,  5'.  The  other  papil- 
lary muscleg.  6.  One  segment  of  the  mitral  vaJve.  7.  In  aorta  is  placed 
over  the  semilunar  valves. 

Although  the  blood  enters  the  arteries  by  jerks,  the  motion 
through  the  capillaries  is  constant.     The  reason  of  this  is,  that 
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the  arteries  are  eoustaotly  over-full,  their  elastic  walls  being  dia- 
teuded  by  the  pumping  of  the  heart,  which  fills  the  aorta  and 
arteries  more-quickly  than  they  can  empty  themselves,  until  the 

I  adequate  pressure  is  attained  through  the  contracting  arterioles. 
The  arterioles  are  the  chief  agents  in  resisting  the  outflow,  and 
keeping  up  the  arterial  pressure. 


The  Heart. 


I 


The  heart  of  man  and  other  warm-blooded  animals  may  be 
said  to  be  made  up  of  two  muscular  sacs,  the  pulmonary  and 
systemic  hearts,  or,  as  they  are  commonly  termed,  the  right  and 
left  sides  of  the  heart,  between  which  no  comraunicatiou  exists  in 
the  adult.  Each  of  these  sacs  may  be  divided  into  two  portions: 
the  one,  a  kind  of  antechamber,  which  receives  the  blood  from 
the  veins,  is  called  the  auricle,  and  has  very  thin  walls ;  the  other, 
the  ventricle,  is  the  powerful  muscular  chamber  which  pumps  the 
blood  into  the  aorta  and  distends  the  arteries.  (See  Figs.  113 
land  114) 

In  the  empty  heart  the  great  mass  of  the  organ,  which  forms 
ft  blunted  cone,  is  made  up  of  the  ventricles,  while  the  flaccid 
auricles  are  found  retracted  to  an  insigniGcaut  size  at  its  base. 
The  four  cavities  have  about  the  same  capacity,  namely,  about 
six  ounces  or  eight  cubic  inches  when  distended. 

The  walla  of  both  the  auricles  are  about  the  same  thickness, 
while  the  amount  of  muscle  in  the  wall  of  the  ventricle  dififeni 
materially  on  the  two  sides.  The  wall  of  the  left  ventricle,  in- 
cluding that  part  which  forms  the  interventricular  septem,  is 
nearly  three  times  as  thick  as  that  of  the  right  or  pulmonary 
ventricle. 


Arrakoement  of  Muscle  Fibres. 


At  the  attachment  of  each  auricle  to  its  corresponding  ventricle 
there  is  situated  a  dense  ring  of  tough  connective  tissue,  which 

I  surrounds  the  openings  leading  from  the  auricles  to  the  ventricles. 
Similar  tendinous  rings  (zona  tendinosa)  exist  around  the  orifice 
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e  baflis  of  attachment  fur  the  muscle  buiidles  of  the  walls  of 
both  the  veutricles  and  auricles. 

In  the  veutricles  many  layers  of  muscles  can  be  made  out.  The 
outer  fibres  pass  in  a  twisted  manner  from  the  base  towards  the 
apex,  where  they  are  tucked  in  so  as  to  reach  the  inner  surface 
of  the  ventricular  cavity.  They  then  pass  back  to  be  attached 
at  the  base ;  some  passing  into  the  papillary  muscles  are  con- 
nected with  the  cardiac  valves  through  the  medium  of  thechordra 


Fio.  116. 


Striated  Muscle  Tissue  of  tbe  Hc:irt,  showing  the  trellis-work  fomied  by  the 
short  branching  cells,  with  cenlral  nuclei. 

tendioete;  and  tbe  others,  forming  irregular  masses  of  muscle  on 
the  inner  surface  of  the  cavity,  pass  in  various  directions  towards 
the  base,  to  be  fused  with  the  tendinous  rings  around  the  arterial 
orifices.  Another  set  of  layers  passes  tran-sversely  around  the 
ventricle,  lying  between  the  inner  and  outer  sets,  and  passing 
nearly  at  right  angles  to  them. 

The  muscle  fibres  forming  the  thin  auricular  waits  have  their 
origin  from  the  zones  of  the  auriculo-ventricular  orifices,  and  pass 
very  irregularly  around  the  cavities.    The  outer  set  of  fibres 
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have  a  transverse,  the  inuer  a  longitudioal  directioo.  Bands  of 
fibres  encircle  the  orifices  of  the  great  veins,  and  extend  for  some 
little  distance  along  the  vessels,  particularly  on  the  pulmonary 
veins,  which  have  thick  circular  muscular  coats  after  they  leave 
the  lungs. 

The  fibres  of  the  auricles  are  not  directly  continuous  with  those 
of  the  ventricles,  the  auricular  and  ventricular  fibres  being  only 
related  to  each  other  by  their  points  of  origin,  viz.,  the  auriculo- 
ventricular  fibrous  zones. 

MiirnTE  Strdcture. 

The  rauscle  tissue  of  the  heart  differs  both  in  structure  and  mode 
of  action  from  the  other  forms  of  contractile  tissues  of  the  body. 
The  elements  are  firmly  united  with  one  another  to  form  an  irreg- 
ular close  network,  which,  however,  can  be  broken  up  into  masses 
easily  recognizable  as  peculiar  cells.  These  cells  are  irregular 
prismoidal  blocks  with  blunt  ends,  oAcn  split  into  two  to  allow  of 
connection  with  the  two  contiguous  cell?.  They  contain  a  distinct 
nucleus,  situated  in  the  central  a.xis  of  the  cell.  The  cells  are 
not  surrounded  by  a  distinct  sheath  of  sarcolemma. 

Though  striated,  like  the  skeletal  muscle.",  the  action  of  the 
heart  muscle  is  peculiarly  independent  of  the  great  nervous  centres, 
being  quite  involuntary,  and  characterized  by  a  definite  perio- 
dicity. Its  contraction  is  very  slow  when  compared  with  the 
skeletal  muscle",  but  it  is  much  more  rapid  than  that  of  the  con- 
tracting tissues  of  most  of  the  boliow  viscera. 


Valveb. 

The  orifices  which  lead  into  and  out  of  the  ventricles  have 
j>eculiar  arrangements  of  their  lining  texture,  forming  valves 
which  allow  the  blood  to  pass  in  a  certain  directiou  only.  These 
valves,  which  form  a  most  interesting  and  important  part  of  the 
economy  of  the  heart,  are  of  two  kinds,  differing  completely  in 
their  mode  of  action.  One  kind  directs  the  passage  of  the  blood 
from  the  auricles  to  the  ventricles,  the  other  guards  the  openings 
into  the  great  arteries.     The  auriculo-ventricular  openings  ai© 
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protected  by  valves  with  a  sail  like  aclion.  These  are  made  up 
of  (IcliciUe  curuius  formed  of  thin  sheets  of  eonneotive  tissue 
arising  from  the  inargius  of  the  auriculo-ventricular  openings, 
which  form  the  fixed  allachincnt  of  each  of  the  curtains  of  the 


Portiim  of  the  Wall  uf  Ventricle  (rf  rl')  and  Aorta  (o  6  f),  showing  attnoli- 
mcnti  of  one  flap  of  niilnil  and  the  aortic  valves;  (h  and  g)  ]m|iillary  uiiig- 
clea;  («,  e',  and/)  attnclimentof  the  tendinoiis chords,     (.\llei)  Thomaon.) 

valves.  The  free  edges  and  ventricular  surfaces  of  the  curtains 
are  blended  with  the  tendinous  cords  coming  from  the  papillary 
muscles,  and  thus  give  points  of  tendinous  attachment  to  some  of 
the  bundles  of  muscle  fibres  iu  the  wall  uf  the  ventricle.  At  the 
right  auriculo-ventricular  opening  there  are  three  chief  curtains ; 


- 
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hence  it  is  called  the  "tricuspid"  valve  (Fig.  117,  rav).  The 
opening  from  the  left  auricle  to  the  left  ventricle,  which  is  about 
oue-third  smaller,  is  guarded  by  two  large  valvular  flaps,  and  is 
hence  called  the  "  biciisi)id,"  or  more  commonly  "mitral"  valve 
(Fig.  IIG).  The  arterial  valves  are  made  up  of  three  deep  pockets 
with  free  semi-lunar  margins  looking  towards  the  vessel.     The 


m 


/^■ti'.* 


The  Orifices  of  the  Heart  seen  from  below,  the  whole  of  the  ventricles 
being  cut  away,  and  the  fiirlaius  of  the  aurieiilo-ventricular  valves  drawn 
down  by  thrc.ids  altaclied  to  the  cliorda  lendincie.  (Huxley.) — ij.-l  (■'.  Right 
Ruricnlovcntricular  opening  surrounded  l)y  the  flajw  of  tricuspid.  LA  V. 
Left  aurieulo-ventricular  opening  and  attacbed  mitral  valve.  PA.  Pul- 
monary valves  when  dosed.     AO.  Aortic  valves  closed. 

curved  base  of  each  pocket  is  attached  to  the  arterial  orifice  of 
the  ventricle,  with  the  lioiDg  nsembrane  of  which  it  is  continuous. 


Action  of  the  Valves. 

The  mode  of  action  of  the  flaps  of  the  tricuspid  and  mitral 
.valves  is  like  that  of  a  lateen  sail  of  a  boat,  if  we  substitute  the 
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blood  slreain  for  the  air  current;  the  tendinous  cords  acting  as 
the  "  sheet"  or  rope  which  restrains  the  sail  when  filled  with  wind. 
The  blood  driven  in  from  the  auricle  at  first  pushes  the  cur- 
tains of  the  valves  against  the  ventricular  wall,  and  immediately 
fills  the  ventricle.  As  the  ventricle  becomes  distended  the  tendi- 
nous cords  coming  from  the  elastic  papillary  muscles  are  put  on 
the  stretch,  and  draw  the  valve  curtains  away  from  the  wall  of 
the  ventricle  into  the  midst  of  the  fluid.     When  the  ventricle 

Fio.  118. 
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The  Oririoes  of  the  Hcnrt  seen  from  nbove,  Ixitli  llio  auricles  and  the 
great  vetwels  being  removed.  (Huxley.) — PA.  Piilmnnary  artery  and  its 
semilunar  valves.  Ao.  Aorta  and  its  valves.  UA  V.  Trieiinpid,  and  LA  V. 
Biscuspid  valves. 


begins  to  contract  u|K)n  its  contained  blood,  the  pressure  of  the 
fluid  bellies  out  the  sail-like  valves  towards  the  auricles,  so  that 
their  convex  sides  come  into  close  apposition  with  one  another. 
Their  free  margins  are  held  firmly  by  the  papillary  muscles  con- 
tracting and  tightening  the  cords.  The  flajw  are  kept  at  much 
the  same  tension  by  the  papillary  muscles  shortening  in  proper- 
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tiou  a?  the  ventricle  empties  itself  and  the  cavity  diminishes  in 
size.  By  this  mechanism  the  valves  are  prevented  from  bulging 
too  much  into  the  auricles,  or  allowing  the  blood  to  pass  back 
into  them. 

The  semilunar  valves  are  mere  membranous  pockets,  and  have 
no  tendinous  cords  attached  to  them,  but  on  account  of  the  ex- 
tent of  their  curved  attachment,  when  their  limited  free  margin 
is  made  tense  by  the  pocket  being  tilled  from  the  artery,  the  valves 
can  only  puss  n  given  distance  from  the  wall  of  the  vessel,  and 
are  thus  held  firmly  in  position.  Wlicn  the  force  of  the  blood 
leaving  the  ventricle  begins  to  diminish,  the  semilunar  flaps  are 
raisetl  from  the  distending  wall  of  the  artery;  and  the  moment 
the  current  from  the  ventricle  has  ceased  to  tiow,  the  pockets  are 
forcibly  distended  by  the  aortic  blood  pressure,  and  bulge  into 
the  lumeu  of  the  vessel,  so  that  the  convex  surface  of  the  lunated 
portions  of  each  valve  is  pressed  against  correspond iuu;  parts  of 
its  neighbor.  Their  union  then,  which  is  accomplished  by  their 
overlapping  to  some  extent,  forms  three  straight  radiating  lines, 
and  is  a  perfectly  impervious  barrier  to  any  backward  flow  of 
blood  (Fig.  118,  PA,  and  Ao). 

Movements  op  the  Heart. 

It  is  only  by  means  of  these  valvular  arrangements  that  the 
heart  is  enabled  to  perform  its  function,  namely,  to  pu  m  p  the  blood 
in  a  constant  direction  onwards,  emptying  the  veins  and  filling  the 
arteries  against  great  opposition  on  tiie  part  of  the  latter  vessels. 

This  pumping  is  carried  on  by  the  successive  contractions  and 
relaxations  of  the  muscular  walls  of  the  various  cavities. 

The  blood,  flowing  from  the  systemic  and  pulmonary  veins, 
passes  unopposed  into  the  right  and  left  auricles  respectively.  As 
soon  as  the  auricles  are  full  their  walls  suddenly  contract  and  press 
the  blood  into  the  right  and  left  ventricles  ;  immediately  the  ven- 
tricles contract,  and,  pressing  upon  the  blood,  force  it  into  the 
great  arteries. 

The  contraction  of  each  pair  of  cavities  is  followed  by  their 
relaxation. 
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The  blood  cannot  pa!<s  back  into  the  veins  from  the  auricles  when 
they  cotitract,  because  the  auricular  contraction  commences  in  the 
bundles  of  muscle  which  surround  the  orifices  of  the  great  venous 
trunks ;  and  it  cannot  flow  back  to  the  auricles,  because,  as  has  been 
seen,  the  force  of  the  blood  current  on  its  entry  into  the  ventricles, 
by  making  tense  the  cords,  closes  the  valves ;  while  a  backward 
flow  from  the  large  arteries  is  at  once  prevented  by  the  current  dis- 
tending the  semilunar  pockets,  and  thus  firmly  closing  the  valves. 

When  viewed  for  the  first  time,  the  beat  of  the  heart  appears 
to  be  a  single  act,  so  rapidly  does  the  ventricular  follow  the  auricu- 
lar beat.  More  careful  examination  shows  that  this  single  action 
is  composed  of  difl'erent  phases  of  activity  and  repose,  which  to- 
gether make  up  the  cycle  of  the  heart  beat.  The  time  occupied 
by  the  contraction  of  the  cavities  of  the  heart  is  called  their  gyatole, 
their  period  of  rest  is  called  diastole. 

The  systole  of  the  corresponding  cavities  of  both  sides  of  the 
heart  is  exactly  synchronous;  that  is  to  say,  the  two  auricles  con- 
tract simultaneously,  aud  immediately  the  contraction  of  the  two 
ventricles  follows  like  that  of  the  two  auricles  as  a  single  act. 

The  auricular  and  ventricular  contractions  are  separate*!  by  so 
short  a  space  of  lime  that  it  is  not  easily  appreciable.  The  rapidly 
succeeding  acts  of  auricular  and  ventricular  systole  are  followed 
by  a  period  during  which  both  auricles  and  ventricles  are  in  dias- 
tole, which  is  commonly  spoken  of  as  the  passive  interval  or  pause. 

While  the  auricles  are  contracting  the  ventricles  are  relaxed, 
and  the  relaxation  of  the  auricles  commences  immediately  the 
ventricular  contraction  begins,  so  that  only  for  a  very  short  time 
both  auricles  and  ventricles  are  contracted. 

The  entire  cycle  or  revolution  of  the  heart-beat,  occupying  nearly 
a  second  in  the  healthy  adult,  may  be  divided  into  three  stages: 
Auricular  systole. 
Ventricular  systole. 
General  diastole. 

The  exact  time  occupied  by  each  phase  of  the  cycle  can  only 
be  calculated  approximately.  This  may  be  done  either  by  register- 
ing graphically  the  motions  of  the  auricles  and  ventricles  directly 
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cornmunicated  to  levers  brought  iuto  contact  with  their  surface, 
or  by  recording  graphically  the  pressure  changes  which  occur 
within  the  cavities  by  introducing  into  them  little  elastic  sacks 
filled  with  air,  whence  the  pressure  changes  are  communicated  to 
an  ordinary  "tambour."  and  registered  on  a  smoked  surface. 

Of  the  whole  period  of  the  cycle  the  passive  interval  or  pause 
is  the  longest  and  the  moat  variable,  for  iu  ordinary  changes  in 

Fto.  119. 


Curves  drawn  on  a  moving  surface  by  three  levers,  which  are  connected 
wilh  the  interior  of  the  heart,  viz. :  Up[>er  line  shows  the  changes  of  pres- 
sure (iccnrring  in  the  right  auricle;  centre  line  shows  the  pressure  change* 
witbin  the  right  ventricle ;  lower  line  shows  the  changes  of  pressure  oc- 
curring it)  the  left  ventricle.  (The  smoked  surface  is  moved  from  right  to 
left.)     (After  Chauvian.) 

the  heart's  rhythm  it  is  the  pause  that  varies.  Next  in  duration 
is  the  ventricular  .systole,  while  the  shortest  is  the  auricular  systole. 
The  following  figures  give  approximately  the  proportion  of  time 
occupied  by  each  part  of  the  cycle  in  the  case  of  a  horse,  whose 
intra-cardiac  tension  was  registered  iu  the  manner  just  referred 
to,  while  his  heart  beat  about  fifty  times  in  the  minute: 
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Auricular  systole, 
Ventricular  systole, 
Passive  interval, 


'roportion 

Duration 

of  cycle. 

In  seconds 

i 

= 

0.2" 

i 

= 

0.4" 

i 

= 

0.8" 

fOr  if  we  assume  the  human  heart  to  beat  some  seventy  times 
a  minute,  each  cycle  would  occupy  about  A  of  a  secood,  which 
would  1)6  made  up  as  follows: 


Anriculiir  systole, 
Ventricular  systole, 
Pane, 


=  ■fgofn  second. 

=  A      " 
=  A      " 


The  duration  of  the  auricular  and  vetitricular  systole  varies 
but  little  except  under  abuormal  circumstances,  but  the  pause  is 
constJintly  utidergoiog  slight  changes.  In  fact,  the  duration  of 
the  general  diastole  depends  upon  the  rate  of  the  heart  beat,  being 
leas  in  proportion  as  the  heart  beats  more  quickly. 

If  the  thorax  of  a  recently  killed  frog  be  opened  the  heart  can 
be  observed  beating  in  sUu,  and  the  different  acts  in  the  cycle 
studied. 

In  mammalians,  in  order  to  see  the  heart  in  operation,  it  is 
necessary  to  keep  up  artificial  respiration,  during  which  the  heart 
continues  to  beat  regularly,  though  the  thorax  be  opened.  A 
careful  iusjjection  of  the  beating  heart  shows  that  during  its  cycle 
of  action  certain  changes  take  place  in  the  shape  and  relative 
position  of  its  cavities.  This  is  owing  partly  to  the  change  in 
the  amount  of  their  blond  contents  and  partly  to  the  form  as- 
sumed by  the  muscular  wall  when  contracting. 

During  the  pa.ssive  interval  the  auricles  are  seen  to  swell  grad- 
ually on  account  of  the  blood  flowing  into  thera  from  the  veins; 
when  the  auricular  cavities  are  nearly  full,  a  contraction,  com- 
mencing in  the  great  venous  trunks  near  the  heart,  passes  with 
increasing  force  over  the  auricles,  and  gives  rise  to  their  rapid 
systolic  spasm.  The  auricles  appear  suddenly  to  diraintsh  in  size, 
become  pale,  and  empty  themselves  into  the  ventricles. 

As  the  blood  is  shot  through  the  auriculo-ventricular  openings, 
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aud  the  ventricles  become  distended,  their  flaccid  walls  appear  to 
be  drawn  over  the  liquid  mass  by  the  contracting  auricles,  just  as 
a  stocking  is  drawn  over  the  foot  by  the  hands,  and  their  walls 
seem  to  approach  towards  the  base  of  the  heart.  The  moment 
the  ventricles  have  received  their  full  charge  of  blood  from  the 
auricles,  they  contract,  becoming  shorter  by  the  movement  of  the 
base  towards  the  apex,  and  thicker  by  the  elongated  ventricular 
cone  becoming  rounder.  The  great  arteries  are  at  the  same  time 
distended  with  blood  and  elongated,  their  elastic  walls  being 
drawn  down  over  the  liquid  wedge  on  its  exit  from  the  ventricle. 
The  soft  elastic  tissues  are  tliu.s  in  turn  made  to  slide,  as  it  were, 
over  the  incompressible  fluid  blood  that  forms  the  fulcrum,  which 
the  power  of  the  muscular  walls  uses  as  a  firm  purchase.  During 
the  systole,  when  the  thorax  is  open,  the  ventricles  rotate  .slightly 
ou  their  long  axis,  so  that  the  left  comes  a  little  forwards,  aud 
the  ajwx  also  forwards  and  towards  the  right.  On  the  ventricular 
systole  ceasing  the  gradual  refilling  of  the  auricles  begins ;  the 
ventricles  become  flaccid  and  flattened ;  the  semilunar  valves 
being  closed,  the  large  arteries  grasp  firmly  the  blood,  and  by  their 
steady  resilient  pressure  force  it  onwards  towards  the  distal  ves- 
sels. During  this  pause  the  arteries  seem  to  become  shorter, 
drawing  the  base  of  the  heart  up  again  and  lengthening  the  flac- 
cid ventricles. 

The  part  of  the  heart  whiiih  changes  its  position  most  is  the 
line  between  the  auricles  and  ventricles,  while  the  apex  remains 
fixed  in  the  one  position,  only  making  a  very  slight  lateral  aud 
forward  motion,  whicli  probably  does  not  take  place  during  life. 
If  a  needle  with  a  light  lever  attached  be  made  to  enter  the  apex 
through  the  wall  of  the  chest,  the  lever  does  not  move  in  any 
definite  direction  during  the  systole,  but  simply  shakes.  If,  on 
the  other  hand,  the  needle  be  placed  in  the  base  of  the  ventricles, 
the  lever  moves  up  and  down  with  each  systole  and  diastole. 


Heart's  Impulse. 

If  the  ventricles  be  gently  held  between  the  fingers  during  their 
systole,  a  most  striking  sensation  is  given  by  the  sudden  harden- 
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ing  of  the  muscle.  The  mass  of  the  veutrioles,  from  beiug 
quite  soft  and  compressible  during  diastole,  auddeiily  acquires  a 
wooden  hardness,  owing  to  the  tightness  with  which  the  mus- 
cle grasps  the  fluid,  and  the  greater  firmness  of  the  contracting 
tissue. 

This  hardening  gives  the  sensation  of  a  sudden  enlargement  in 
all  directions.  No  matter  on  what  surface  the  finger  be  placed, 
the  heart  seems  to  move  in  that  direction,  so  as  to  give  a  slight 
knock  or  impulse.  Thus,  when  grasped  between  the  forefinger 
placed  below  the  diaphragm  and  the  thumb  on  the  antero-supe- 
rior  aspect,  the  impulse  is  equally  felt  by  each  digit. 

The  heart-beat  communicates  its  motion  to  the  chest,  and  this 
impulse  can  be  seen  over  a  limited  area,  which  varies  with  the 

Fio.  120. 


Cardiac  Tambour,  wliicli  can  b«  strapped  on  to  ulieMt-wall,  so  that  the  cen- 
tral button  lies  over  tlie  beart-bent,  nnil  the  pressure  may  be  regulated  by 
the  screws  iit  the  side.  To  the  tube  bent  at  right  angles  is  attached  the  rub- 
ber tube  which  coDaecta  the  air  lavitr  witii  that  of  the  writing  tamboar 
shown  in  Kig.  119. 

thinness  of  the  individual.  This  cardiac  impu/«e,  aa  the  stroke 
is  called,  can  be  best  felt  in  the  fifth  intercostal  space,  a  little  to 
the  median  side  of  the  left  nipple.  It  is  found  to  be  synchronous 
with  the  ventricular  systole.  The  more  important  item  in  causing 
the  impulse  is  the  hardening  of  the  ventricles,  while  their  simul- 
taneous change  iu  shape,  from  a  flattened  to  a  rounded  cone,  no 
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doubt  helps  to  make  the  sudden  teoaeness 
more  distinctly  felt  through  the  wall  of  the 
chest. 

The  point  at  which  the  impulse  is  best 
felt  coresponds  to  llie  anterior  surface  of 
the  ventricles  some  distance  above  the  apex ; 
it  is  therefore  erroneous  to  call  it  the  "  apex 
beat." 

Moreover,  the  motion  of  the  apex  is  so 
slight  when  the  wall  of  the  chest  is  removed, 
that  its  "tilting  forwards"  van  have  no 
share  in  causing  the  iaipulse :  the  thoracic 
wall  being  always  in  contact  with  the  apex, 
it  can  only  move  laterally,  and  cannot  ham- 
mer against  it  so  as  to  cause  a  shock.  The 
"recoil  of  the  ventricles"  caused  by  the 
blood  leaving  them,  which  some  think  aids 
in  producing  the  impulse,  obviously  owes  its 
supposed  existence  to  the  confusion  of  cause 
and  effect. 

The  cardiac  impulse  is  a  valuable  measure 
of  the  strength  of  the  systole,  and  hence  is 
of  great  importance  to  the  clinical  physician. 
It  may  be  registered  by  means  of  an  instru- 
ment called  the  Caliograph.  Many  such 
inatruraeots  have  been  devised,  most  of 
which  work  on  the  same  principle,  and  write 
a  record  on  a  moving  surface  with  a  lever 
attached  to  a  tambour,  to  which  the  move- 
ments of  the  chest  wall  are  transmitted  from 
a  somewhat  similar  drum  by  means  of  air 
tubes,  In  using  this  plan,  so  generally  em- 
ployed by  Marey,  one  air-tambour  (fig,  120) 
is  applied  over  the  heart,  the  motions  of 
which  cause  a  variation  in  the  tension  of 
the  air  it  contains;  these  variations  are 
transmitted  by  a  tube  (/,  Fig.  121)  to  the 
other  tambour  (ft),  where  they  give  rise  to 
a  motion  in  its  flexible  surface  to  which  a 
delicate  lever  is  attached  at  (a). 


Wriiiiig  Lever  untl 
Tambour. — (o)  Joint 
of  the  lever;  (6)  Air 
cbaniber;  (/)  Rubber 
tubing  connecting  it 
with  cardiac  tamlioiir. 
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Heart  Sounds. 

The  heart's  action  is  accompanied  by  two  distinct  eounds,  which 
can  be  heard  by  bringing  the  ear  into  firm  direct  contact  with 
the  precordial  region,  or  indirectly  by  the  use  of  the  stethoscope, 
an  instrument  of  which  there  are  many  varieties  to  suit  the  taste 
of  clinical  observers.* 

One  sound  follows  the  other  quickly,  and  then  comes  a  short 
pause;  consequeDtly,  they  are  spoken  of  as  the firtt  and  second 
sounds. 

The  first  sound  occurs  at  the  same  time  as  the  ventricular  sys- 
tole. It  is  a  low,  soft,  prolonged  tone,  and  is  most  distinctly  heard 
over  the  fifth  intercostal  space. 

The  second  sound  is  produced  when  the  two  sets  of  semilunar 
valves  are  closed,  that  is,  at  the  moment  when  the  blood  ceases 
to  escape  from  the  ventricles.  It  is  a  sharp,  short  sound,  and  is 
best  heard  at  the  second  costal  cartilage  on  the  right  side. 

The  cause  of  the  first  sound  is  as  yet  involved  iu  doubt.  Pos- 
sibly there  are  several  factors  iu  its  production.  The  principal 
events  occurring  at  this  time  may  be  enumerated  thus: 

1.  The  heart's  impulse. 

2.  The  contraction  of  the  heart-muscle. 

3.  The  rush  of  blood  into  the  arteries. 

4.  The  sudden  tension  of  the  ventricular  chambers  and  the 

auriculo-veutricular  valves. 

It  has  already  been  seen  that  the  heart's  impulse  is  caused  by 
a  sudden  change  in  density  of  the  muscle  rather  than  by  a  knock 
against  the  chest,  Moreover,  the  first  sound  is  heard  quite  readily 
when  the  chest  wall  is  removed,  so  that  the  apex  beating  against 
the  thorax  caonot  even  help  to  cause  the  souud. 

The  sound  is  not  unlike  the  toce  which  accompanies  the  cou- 

*  A  flexible  atethoacope  to  listen  to  one's  own  heart  Bounds  can  easil;  be 
made  by  fitting  to  one  end  of  a.  piece  of  rubber  tubing  about  18  inches  long 
the  mouth-pierc,  «nd  to  the  other  end  the  bowl  of  a  wooden  pipe.  The 
bowl  is  appliwi  over  the  diflereiit  regions  of  the  heart,  and  the  month-piece 
firmly  fitted  in  the  ear, 
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tinuous  (tetanic)  contraction  of  the  skeletal  muscles.  It  corre- 
sponds in  time  and  duration  with  the  contraction  of  the  cardiac 
muscle.  In  disease  where  the  heart  muscle  is  weak,  the  sound 
becomes  faiut  or  inaudible,  although  the  valves  are  made  teuse 
by  an  iutravenlricular  force  sufficient  to  overcome  the  pressure  in 
the  arteries  ;  for  otherwise  the  circulation  would  cease.  A  pne- 
Bystolic  sound,  like  in  charact«r  to  the  systolic  sound,  is  now  rec- 
ognized by  (ihysicians  as  being  pniduced  by  the  auricular  systole, 
but  this  cannot  depend  on  the  vibrations  of  valves.  According 
to  the  most  recent  and  careful  observers,  the  first  sound  may  be 
heard  when  the  heart  is  empty, 

All  this  evidence  tends  to  show  that  the  sound  is  produced  by 
the  contraction  of  the  muscle  tissue  of  the  heart,  or,  in  short,  that 
it  is  the  cardiac  muscle  tone. 

Against  the  view  that  the  muscular  tone  is  the  cause  of  the  first 
sound,  the  undoubted  fact  i.s  properly  urged  that  only  tetanus 
(i.e.,  a  rapidly  repeated  series  of  contractions  fused  into  a  con- 
tinued state  of  shortening  allowing  variations  of  tensiou)  can 
cause  a  muscle  sound,  and  a  single  contraction  is  not  accom- 
panied by  any  tone.  Though  in  many  ways  it  differs  from  the 
single  contraction  of  other  muscles,  yet  the  heart  beat  is,  no  doubt, 
a  single  contraction.  And  no  good  reason  exists  for  believing 
it  can  cause  vibrations  comparable  with  that  of  the  tetanus  of 
skeletal  muscles,  or  that  it  is  capable  of  giving  rise  to  a  definite 
sound. 

The  closure  of  the  auriculo-ventricnlar  valve  is  synchronous 
with  the  beginning  of  the  sound,  and  injury  or  disease  of  these 
valves  is  associated  with  a  weak  or  altered  first  sound ;  this  is 
often  observed  in  di.seaso  of  the  mitral  valve,  The  blood  is  said, 
by  some,  to  be  necessary  for  the  production  of  the  sound,  so  that 
the  act  of  closure  and  subsequent  tensiou  of  these  valves  would 
seem  to  have  a  share  in  causing  the  aouud  ;  but,  on  the  other 
hand,  the  character  of  the  sound  is  not  like  that  which  would  be 
caused  by  the  sudden  closure  or  tension  of  tlie  membranes,  or  of 
the  delicate  tendinous  cords. 

As  before  remarked,  this  would  not  account  for  priesystolic 

RDds,  and  the  first  sound  can  be  heard  in  an  empty  heart  re- 
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moved  from  the  animal,  in  which  the  valves  could  not  become 
tense  (Liidwig). 

The  sound  has  been  analyzed  with  suitable  resonators,  and  two 
distinct  tones  made  out;  one,  high  and  short, corresponding  to  the 
closure  of  the  valves  ;  the  other,  long  and  low,  corresponding  in 
duratioQ  with  the  muscle  contraction.  From  this  it  would  ap- 
pear that  both  the  tension  of  the  valves  and  the  muscle  tune  have 
something  to  do  with  the  production  of  the  sound. 

The  good  reasons  given  for  thinking  that  the  heart  muscle  can- 
not produce  a  tone,  suggest  that  the  sudden  state  of  tension  of 
the  ventricular  wall  when  tightened  over  the  blood  may  give  rise 
to  vibrations,  and  be  an  important  item  in  causing  the  first  sound. 
This  would  explain  the  faintuess  of  the  sound,  both  when  the 
valves  were  injured  and  the  muscle  weak.  It  wouM  also  explain 
the  pnesystolic  sound,  which  requires  a  certain  auricular  tenaion 
for  its  production. 

The  production  of  the  second  sound  is  more  ea.sily  explained. 
Occurring  just  after  the  ventricle  is  emptied,  it  is  synchronous 
with  the  closure  of  the  semilunar  valves  at  the  aorta  and  pulrao> 
nary  orifices.  The  blood  in  the  aorta  forcibly  closes  the  valves 
as  soon  as  the  ventricular  prassure  begins  to  wane.  This  sudden 
motion  causes  a  vibration  of  tlie  valves,  which  is  immediately 
checked  by  the  continuous  pressure  of  the  column  of  blood. 

Innervation  op  the  Heart. 

The  most  interesting  phenomenon  in  the  heart's  action,  and 
that  most  difficult  to  explain,  is  the  wonderful  regularity  of  its 
rhythmical  contractions  under  normal  circumstances,  and  the  ex- 
treme delicacy  of  the  nervous  mechanism  by  which  it  is  regulated. 

The  vast  majority  of  the  active  contractile  tissues  of  the  higher 
animals  are  under  the  immediate  and  exclusive  direction  of  the 
central  nervous  system.  All  the  great  muscular  organs  are  con- 
nected with  the  cerebro-spinal  axis  by  means  of  nerves,  along 
which  impulses  pass  stimulating  the  contractile  tissue  to  action. 
Thus  the  skeletal  muscles  are  brought  under  the  control  of  the 
will,  and  the  nerves  coming  from  the  brain  carry  stimuli  to  cer- 
tain sets  of  muscles  when  we  wish  to  perform  any  simple  action. 
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Olber  muscles,  as  has  been  Been  in  the  pharynx,  oesophagus, 
etc.,  though  not  under  the  control  of  the  will,  are  yet  governed 
altogether  by  (he  cerebrospinal  axis;  while  others,  of  which  the 
mosi  striking  example  is  the  heart,  have  nerve  elements  iu  imme- 
diate relation  to  the  contractile  tissue,  capable  of  exciting  them 
to  contraction. 

It  will  materially  help  us  in  comprehending  the  nervous  mech* 
anism  of  the  heart's  rhythm,  if  we  bear  in  mind  what  now  seems 
to  be  proved  beyond  doubt,  namely,  that  the  muscle  tissue  of  the 
heart  has — quite  independently  of  any  nervous  influences — an  in- 
herent tendency  to  rhythmical  contraction.  This  is  shown  by  the 
followiug  facts.  The  heart  cannot  continue  contracted  like  a 
skeletal  muscle  (in  tetanus)  under  any  circumstances,  or  like  an 
unstriatcd  muscle  (in  tonus)  except  when  the  ti-ssue  is  spoiled  by 
deficient  nutrition,  etc.  The  hearts  of  many  of  the  lower  animals 
contract  rhythmically  without  any  nerve  elements  being  found 
by  the  most  careful  microscopic  e-xamiuation.  A  strip  cut  from 
the  ventricle  of  the  tortoise  can,  by  judicious  excitations,  be  (a«<7Ai 
to  beat  rhythmically  without  the  help  of  any  known  nerve  mech- 
anism. The  lower  part  of  the  frog's  ventricle — which  ia  com- 
monly admitted  not  to  contain  any  nerves — beats  quite  rhythmi- 
cally if  fed  with  a  gentle  stream  of  scrum  and  weak  salt  solu- 
tion, and  there  is  no  reason  to  assume  that  there  ia  any  greater 
difficulty  in  conceding  to  muscle  tissue,  than  to  nerve  cells,  the 
property  of  acting  with  a  regular  rhythm. 

In  cold-blooded  animals,  such  as  a  frog  or  tortoise,  the  heart 
will  beat  even  for  days  after  its  removal  from  the  auimal,  if  it  be 
protected  from  injury  and  prevented  from  drying.  In  warm- 
blooded auiraals  the  tissues  lose  iheir  vitality  almost  immediately 
aft«r  they  are  deprived  of  their  blood  supply  ;  however,  sponta- 
neously rhythmical  niovementa  can  be  seen  in  the  mammalian 
heart  if  remove(i  rapidly  after  death.  The  hearts  of  oxen,  skil- 
fully slaughtered,  commonly  give  a  few  heats  after  their  removal 
from  the  thorax.  If  a  blood  current  bo  kept  up  through  the 
vessels  of  the  heart  tissue,  this  spontaneous  contraction  will  go  on 
for  some  time,  or  even  will  recommence  after  having  ceased. 

The  hearts  of  two  criminals  who  were  recently  hanged  were 
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found  to  continue  to  beat  for  four  and  seven  minutes  respectively 
after  the  spinal  cord  and  the  medulla  had  been  separated. 

These  facts  prove  conclusively  that  the  stimulus  which  causes 
the  heart  to  beat  rhythmically  arises  in  the  muscle  tissue  of  the 
organ  or  in  close  relation  to  it.  Upon  physiological  grounds 
alone  we  might  conclude  that  in  the  heart  tissue  of  the  vertebrata 
there  exist  the  nerve  elements  with  which  we  are  familiar  ana- 
tomically. These  nerve  cells  only  require  their  outrition  to  be 
kept  up  by  a  continued  blood  supply  in  order  to  develop  the 
energy  necessary  for  their  function. 

Such  collections  of  nerve  elements  are  called  automatic  centres, 
and  are  made  up,  like  all  other  origins  of  nerve  force,  of  gangli- 
onic cells. 

The  heart  of  mammalian  animals  so  soon  ceases  to  beat,  that 
it  forms  an  unsatisfactory  subject  for  experimental  inquiry.  The 
heart's  innervation — which  will  be  seen  tu  be  a  complicated  pro- 
cess— may,  therefore,  with  profit  be  studied  in  a  cold-blooded 
animal,  where  the  mechanisms  can  be  more  readily  observed,  and 
are  probably  more  simple  in  arratigemeut. 

The  frog,  being  readily  obtainable,  ia  commonly  chosen. 

If  the  apex  of  the  ventricle  of  the  frog's  heart  be  separated, 
it  remains  motionless,  while  the  auricles  continue  to  beat.  But  it 
responds  to  short  direct  stimulus  by  an  ordinary  single  contraction, 
and  if  the  stimulus  be  kept  up  it  beats  rhythmically.  If  tbe 
auricles  be  removed  from  the  ventricles  so  as  to  leave  the  line  of 
union  attached  to  the  ventricle,  both  continue  to  beat.  But  each 
part  boats  with  a  different  rhythm,  and  under  like  conditions  the 
auricles  continue  to  beat  longer  than  the  ventricles. 

Tbe  auricles  beat  even  when  subdivided  ;  and  the  dilated  ter- 
mination of  the  great  vein,  called  tbe  sinus  veuosus,  opening  into 
the  right  auricle,  when  quite  separated  from  the  rest  of  the  heart, 
continues  to  beat  longer  and  more  regularly  than  any  other  part. 
When  the  entire  heart  is  intact  this  sinus  seems  to  be  tbe  starting- 
point  of  the  heart-beat. 

This  experimental  evidence  of  the  presence  of  nerve  centres  in 
tbe  heart-muscle  is  supported  by  the  results  of  anatomical  inves- 
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ligations,  for  the  microscope  shows  that  there  are  many  ganglion 
cells  distributed  throughout  the  heart-tissue,  and  that  they  are 
located  just  where  we  should  exf>ect  from  the  above  facts.     That 
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Diagrammiitic  Plan  of  tlie  Cardiac  Nerve  Mecbanism.  The  direction  of 
the  impulses  is  indicated  by  tlie  arrows.  Both  right  and  left  sides  of  the 
cut  are  used  to  show  oue  complete  lateral  half  of  iho  fibres. 

is  to  say,  there  are  none  in  the  subetance  of  the  ventricles,  while 
there  are  several  groups  of  cells  scattered  around  its  ba«e  in  the 
auriculo-ventricular  groove  (Bidder).     There  are  others  in  the 
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walls  of  the  auricles,  particularly  in  the  septum,  and  the  greatest 
number  are  found  in  the  walls  of  the  sinus  venosus  (Remak). 

The  ganglia  in  the  sinus  venosus  are  most  easily  stimulated, 
and  are  probably  the  only  ones  which  habitually  act  as  automatic 
centres.  They  certainly  take  the  iniliativo  in  the  ordinary  heart- 
beat, and  regulate  the  rhythm  of  the  contraction  of  the  auricles 
and  ventricles. 

This  seems  more  than  probable  from  the  following  facts:  1. 
The  ordinary  contraction  wave  starts  from  the  sinus  venosus.  2. 
This  part  beats  longer  and  more  steadily  than  the  others  when 
separated  from  the  animal.  .3.  When  cut  off  from  the  sinus  the 
beat  of  the  rest  of  the  heart  becomes  weak,  uncertain,  and 
changes  its  rhythm.  4.  When  the  sinus  venosus  is  suddenly 
separated  by  ligature  from  the  auricles  and  ventricle,  both  the 
latter  cease  to  beat,  while  the  motions  of  the  sinus  continue. 
However,  if  a  slight  stimulus,  such  as  the  touch  of  a  needle,  be 
now  applied  to  the  auriculo-ventricular  margin,  it  suffices  to  give 
rise  to  a  series  of  rhythmical  contractions.  Or  if  the  ventricle 
be  now  separated  from  the  auricles  by  incision,  the  former  com- 
mences to  beat  rhythmically,  while  the  auricles  commonly  remain 
motionless.  These  latter  observations  (which  are  known  as  the 
experiments  of  Stannius)  have  been  explained  in  various  ways, 
the  most  probable  of  which  seems  to  be  the  following.  When 
cut  off  from  the  inOuence  of  the  sinus  venosus,  the  heart  fails  to 
contract  spoutaueously,  because  it  has  lost  the  initiatory  stimulus 
which  habitually  arrived  from  the  sinus.  When  the  ventricle  is 
cut  away  from  the  auricles,  the  act  of  incision  is  sufficient  stimulus 
to  set  going  its  rhythmical  contractions. 

Although  we  cannot  adequately  explain  the  relationships  borne 
by  the  different  sets  of  ganglia  in  the  frog's  heart  to  one  another, 
there  seems  no  doubt  that  the  following  conclusions  may  be  ac- 
cepted as  proven,  and  are,  moreover,  in  all  probability,  applicable 
to  the  hearts  of  mammals  :  That  nerve  centres  exist  in  the  muscle 
tissue  of  the  heart,  some  of  which  are  capable  of  originating 
stimuli  for  this  rhythmically  contracting  muscle.  That  there 
exist  other  ganglionic  groups  which  help  to  regulate  and  distribute 
the  stimuli  in  a  sequence  throughout  the  several  cavities. 
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Extrinsic  Cardiac  Nerves. 

The  iotrinsic  nerve  mechHoism  of  the  heart  just  described  is 
under  the  immediate  control  of  the  great  nervous  centres  through 
the  medium  of  fibres  passing  along  the  vagus  and  sympathetic 
nerves  from  the  medulla  oblongata. 

Some  of  these  fibres  check  the  action  of  the  intrinsic  ganglia, 
and  cause  the  heart  to  beat  more  slowly  ;  hence  they  are  called 
inhibUory.  Others  cause  it  to  beat  more  quickly,  and  are  called 
aoeeUratory. 

Inhibitory  Nerves  of  the  Heart. 

It  was  observed  by  Weber  that  electric  stimulation  of  the  vagus 
nerve  caused  a  slowing  of  the  heart's  rhythm,  and  if  increased 


Fig.  123. 


TraciriK  showing  the  effect  of  Slimulatiou  of  Vagus  Nerve.  Stimulus 
applied  between  vertical  lines.  (Recording  gnrface  moved  from  left  to 
right.) 

gave  rise  to  a  standstill  of  the  heart  in  diastole  ;  the  heart  beat 
gradually  recommenciog  some  time  after  the  stimulus  had  been 
removed.  On  the  other  hand,  the  section  of  both  vagi  produced 
an  increase  in  the  rapidity  of  the  heart  beat  varying  according 
to  the  kind  of  animal  experimented  upou. 

Section  of  only  one  vagus,  however,  has  not  this  effect.  From 
these  experiments  it  would  appear — 1.  That  some  fibres  of  the 
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vagus  bear  impulses  of  a  checking  or  inhibitory  nature  to  the 
intrinsic  nerves  of  the  heart.  2.  That  these  influences  are  con- 
stantly in  operation,  or  in  other  words,  tlie  vagi  exert  a  tonic 
inhibitory  influence  on  the  rapidity  of  the  heart-beat.  3.  The 
tonic  action  of  one  vagus  bears  iuhibitory  influence  sufficient  to 
regulate  the  heart's  action.  This  tonicity  of  the  vagus  inhibition 
is  moreover  more  marketl  in  raan  than  in  dogs  and  rabbits,  and 
is  reduced  to  a  minimuui  in  frogs,  where  section  of  the  vagi  pro- 
duces very  little  effect  on  the  rate  of  the  beat. 

Vagus  inhibition  is  increased  by  the  following  circumstances: 
(o)  certain  psychical  phenomena,  such  as  terror,  which  is  said 
to  produce  a  terajrorary  staudstill ;  (b)  deficiency  of  arterial  blood 
in  the  medulla  oblongata ;  (e)  increase  of  the  blood  pressure 
within  the  cranium;  and  (d)  reflexly  by  the  stimulation  of  many 
afferent  nerves,  particularly  the  sympathetic  and  those  bearing 
impulses  from  the  abdominal  viscera  to  the  medulla,  as  well  as 
the  ordinary  sensory  nerves,  or  by  the  afferent  fibres  of  the  oppo- 
site vagus,  (e)  Muscarine  produces  disastolic  standstill  itf  the 
heart  by  exciting  the  local  inhibitory  ganglia  or  vagus  tenniuuls. 

Atropin  causes  quickening  of  the  heart's  action  by  paralyzing 
the  endings  of  the  vagus,  and  also  those  intrinsic  mechanisms 
which  are  supposed  to  have  an  inhibitory  effect.  Nicotine  pro- 
duces at  first  a  slowing  of  the  heart  by  stimulating  the  inhibitory 
tone  of  the  vagus.  This  is  soou  followed  by  exhaustion  of  the 
terminal  fibres  and  a  consequent  quickening  of  the  heart  beat. 
Large  doses  of  curare  paralyze  the  inhibitory  fibres.  Diijitalis 
excites  the  vagus  centre  in  the  medulla,  and  thereby  reduces  the 
rapidity  of  the  heart's  beat. 

The  ACCELERA.TOB  Nerves. 

After  the  possibility  of  increase  of  blood  pressure  has  been  re- 
moved by  section  of  the  splanchnic  nerves,  and  the  tonic  inhibi- 
tion of  the  vagi  has  been  cut  ofiT,  it  has  been  found  that  stimula- 
tion of  the  cervical  portion  of  the  spinal  cord  causes  quickening 
of  the  heart  beat.  In  the  cervical  portion  of  the  spinal  cord  nerve 
channels  must  then  exist  which  are  capable  of  stimulating  the 
muscle  fibres  of  the  heart,  so  as  to  cause  it  to  beat  more  quickly. 
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These  accelerator  fibres  pass  through  thecommunicatiog  branches 
from  the  cord  to  the  last  cervical  or  first  dorsal  sympathetic  gan- 
glion, and  thence  to  the  heart.  Stimulation  of  the  ganglia  or  the 
branches  pasisiDg  thence  to  the  heart  quickens  its  beat.  The  effect 
of  stimulus  applied  to  these  nerves  does  not  begin  to  show  itself 
until  a  comparatively  long  time  after  it  has  been  applied,  and  the 
acceleratory  effort  continues  for  a  considerable  lirae  after  the 
stimulus  is  removed.  Stimulation  of  the  accelerator  fibres  has 
little  effect  on  the  tonic  inhibition  of  the  vagus,  which  takes  place 
equally  well  whether  the  accelerators  are  stimulated  or  not,  while 
the  action  of  the  accelerators  is  totally  suspended  so  long  as  the 
vagus  is  being  stimulated. 

Afferent  Cardiac  Nerves. 

Besides  these  nerve  channels  bearing  impulses  to  the  heart, 
others  pass  from  the  heart  to  the  medulla,  probably  having  their 
origin  in  the  inner  lining  of  the  heart,  which  is  known  to  be  the 
part  most  sensitive  to  stimulus. 

These  fibres  appear  to  be  of  two  kinds,  one  of  which  affects  the 
cardio-iuhibitory  centre  and  diminishes  the  pulse  rate  ;  the  other 
affects  the  vaso-inhibitory  centre  and  lowers  the  blood  pressure. 
Increase  of  the  intra-ventricular  pressure  stimulates  both  these 
sets  of  fibres,  and  thus  we  see  that  over-filling  of  the  heart  from 
increase  of  blood  pressure,  etc.,  causes  retardation  of  its  beat,  and 
an  equilibrium  is  thus  established  between  the  general  blood 
pressure  aud  the  force  of  the  heart  beat. 


CHAPTER  XVII. 


THE  BLOODVESSELS. 


The  chaDiielg  which  carry  the  bhjotl  throiighcmt  tho  body  form 
a  closed  system  of  elastic  tubes,  which  may  be  divided  iuto  three 
varieties : 

1.  Arteries. 

2.  Capillaries. 

3.  Veins. 

The  arteries  and  veins  serve  merely  to  conduct  the  blood  to  ami 
from  the  capillaries,  where  the  essential  function  of  the  blood,  viz., 
its  chemical  interchange  with  the  tissues,  is  carried  on. 

Fio.  124. 


TranBvers*;  .Section  of  |>art  of  the  Wall  of  the  Poslerior  Tibiiil  Artery 
(man).  (Schiiler.) — (a)  Kndotlieliiim  lining  llie  vessel,  appe.tring  ibicker 
than  normal  from  the  eontniction  of  (b)  the  elastic  layer  of  the  inliiim ;  {e) 
middle  coal,  composed  of  muscle  fibres  and^laalic  tissue ;  (rf)  outer  coal,  con- 
outing  chiefly  of  white  fibrous  tiasue. 

The  arteries  are  those  vessels  which  carry  the  blood  from  the 
heart  to  the  capillaries.  The  great  trunk  of  the  aorta,  which 
springs  from  the  left  ventricle,  gives  off  a  series  of  branches, 
which  in  turn  subdivide  more  and  more  freely  in  proportion  to 
their  distance  from  the  heart.  Their  mode  of  division  is  com- 
monly dichotoraous,  but,  from  the  larger  trunk,  branches  of  un- 
equal and  irregular  size  are  frequently  given  off. 
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Arterial  twigs  of  considerable  size  here  and  there  form  con- 
nectiona  with  those  of  a  neighboring  trunk  (anasiomoset),  but 
these  unions  are  simple  Junctions  of  single  branches,  never  being 
worthy  of  the  name  of  a  network  or  plexus,  such  as  those  seen  in 
the  capillaries  or  in  the  veins.  The  walls  of  the  arteries  are  mado 
up  of  three  coats :  1.  An  external  tough  fibrous  layer  which  gives 
strength  to  the  vessels, — like  the  webbing  iu  the  wall  of  rubber 

water-hose — and  acts  as  a  bon 
of  union  between  it  aud  the  neigh- 
boring tissues.  This  coat  (tunica 
adventitia)  carries  the  minute- 
vessels  necessary  for  the  nutri- 
tion of  the  vessel  wall, and  ncrvea. 
2.  The  middle  coat  (tunica  media') 
forms  the  more  characteristic  part 
of  the  arterial  structure,  being  a 
mixture  of  pure  elastic  tissue  ftud 
uiistriated  muscle.  It  i^  much 
thicker  in  the  arteries  than  iu  the 
veins,  where  ilsspeciiil  functions 
are  not  required.  It  differs  essen- 
tially in  character  in  the  larger 
and  smaller  arteries,  the  change 
occurring  gradually  on  parsing 
along  the  diminishing  branches. 
In  the  large  urieries  and  the  ar- 
terioles the  middle  coat  difiera 
much  in  structure,  and  in  both  it 
forms  the  most  important  part 
for  the  due  performance  of  their  respective  fuuctions.  In  the 
large  vessels  it  is  made  up  of  elastic  fibres  of  various  shapes, 
and  sheets  of  elastic  tissue  woven  into  a  dense  feltwork,  inter- 
spersed with  a  few  muscle  cells.  In  the  small  arteries  (ar- 
terioles) the  great  mass  of  the  middle  coat  is  made  up  of 
muscle  cells,  the  elastic  tissue  being  but  sparsely  represented. 
Between  the  large  arteries  and  the  capillaries  every  grade  of 
transition  between  these  two  extremes  may  be  found  ;  the  elastio 


Portion  of  Small  Artery  fmm 
Siibmucoiw  Tissue  of  Mouse's  Sloiii- 
ncl>,  stained  with  golilcliloride, 
showing  the  nuclei  of  l)ie  muscle 
cells  (m)  pnasiiig  traosven-ely 
around  (he  vessel  to  form  tlie  mid- 
dle cunt,  outside  whii'h  is  the 
fibrous  tissue  ofliie  outer  cout  (f). 
Around  the  vessel  scveml  Gne 
nerve  fibrils  form  a  network  (N). 


4 


CAPILLARIES. 


281 


tissue  gradually  becoming  less  abunriant  and  the  muscle  elements 
more  importaut  in  proportion  as  the  capillaries  are  approached. 
3.  The  iuteruul  lining  (tunica  iiitima)  of  the  arteries  is  composed 
of  a  delicate  elastic  homogeneous  membrane  lined  with  a  single 
layer  of  endothelial  cells.  The  iutima  may  be  said  to  be  contin- 
uous throughout  ail  the  vessels  and  the  heart  cavities. 

It  is  thus  ceen  that  the  large  arteries  have  extremely  elasttic 
and  firm  walls,  capable  of  sustaining  considerable  jiressuie.    The 

Fifi.  1  -Jf!. 


Capillary  network  of  »  Lobule  of  Ihe  Liver. 

smaller  the  arteries  become  in  calibre,  the  more  the  general  prop- 
erty of  elasticity  and  rei-iliency  is  reiuforce<l  by  ihat  of  vital  con- 
Iractilily,  due  to  the  greater  relative  number  of  muscle  cells  cou- 
Iniued  in  the  middle  coat. 

The  frequently-branching  arteriolea  finally  tenninate  in  the 
capillaries,  in  which  distinct  branches  can  no  longer  be  recognized, 
but  these  thin  canals  are  united  and  interwoven  into  a  network 
of  blood  channels,  the  meshes  of  which  are  all  made  up  of  ves- 
sels having  about  the  same  calibre.     They  communicate  indefi- 
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nitely  with  the  capillary  mesh  works  of  the  neighboring  arteriole^,] 
80  that  any  given  capillary  area  appears  to  be  one  continuoiisi 
network  of  tubules,  connected  here  and  there  with  distinct  ar- 
terioles, and  thus  is  fed  with  blood  from  severa!  different  sources. 
The  walls  of  the  capillaries  are  soft  and  elastic,  and  permeable 
not  only  to  the  fluid  portion  of  the  blixxl,  but  nlso,  under  cerlaio 
circumstances,  to  the  solids. 

It  is,  in  fact,  in  this  part  nf  the  circulation  that  its  essential 
function  is  carried  ou,  viz.,  the  establishment  of  a  free  interchangBj 
between  the  tissues  and  the  blood. 

The  cliaracters  of  the  capillary  network  vary  in  different  tissues! 
an  1  different  organs:  the  closeness  and  wideuess  of  the  mesht 
may  be  said  to  be  in  proportion  to  the  functional  activity  or  in-4 
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(':i|iitl:iry  iK-l\v(irk  uf  Fill  Tissue.     (Klehi.) 

activity  uf  the  organ  or  tissue  iu  question,  a  greater  amount  of 
blood  lieiug  required  in  the  parts  where  energetic  duties  are  per>J 
formed. 

The  venous  radicles  arise  from  the  capillary  network,  commeno-l 
ing  as  tributaries  which  uuite  in  much  the  same  way  as  the  ar- 
terioles divide,  but  ihey  form  wider  and  more  numerous  channels. 
They  rapidly  congregate  into  comparatively  large  vesaels,  which 
frequently  iiilercommuuic-ate  so  as  to  form  coarse  and  irregular 
plexuses.  The  geueral  arrangement  of  the  structures  in  the  walls 
of  the  veins  is  like  that  of  the  arteries ;  they  also  have  three 
coats,  the^external,  middle,  and  internal ;  the  tissues  of  each  dif- 
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fering  but  little  from  those  of  the  arteries.  The  middle  coat,  how- 
ever, iu  the  large  veins  is  distinguished  from  that  of  the  large 
arteries  by  being  much  thinner,  owing  to  the  paucity  of  yellow 
elastic  tissue.  It  is  also  characterized  by  its  relative  richness  in 
muscle  fibre,  while  the  .structure  of  the  middle  cuat  of  the  small 
veins  can  only  be  distinguished  from  that  of  the  arterioles  by  the 
comparative  sparseuesa  of  the  muscle  cells  running  around  the 
tubes. 

Ft<i.  UK 


Dingraru  iiitcii(l«]  to  give  nn  idea  of  llie  nggregale  sectional  area  of  llie 
different  parts  of  tlie  vasculiir  svsteiii.— A.  Aorta  c.  CapillaricH.  v.  Veins. 
The  transverse  luca^iiireiiicnt  of  the  Hhudeil  part  iiiay  be  taken  as  the  width 
of  the  various  kinds  uf  vessels  stipposing  them  fused  together. 

The  veins  are  capable  of  considerable  distension,  but,  though 
poeseesed  of  a  certain  degree  of  elasticity,  they  are  much  inferior 
to  the  arteries  in  resiliency. 

In  a  large  proportion  of  veins,  valve-like  folds  of  their  lining 
coat  exist  which  prevent  the  backward  flow  of  blood  to  the  ca- 
pillaries, and  iusure  its  passage  towards  the  heart.  These  valves 
resemble  in  their  general  plan  the  pocket  valves  that  protect  the 
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grent  arterial  orifices  of  the  heart.     They  vary  much  in  arrange- ' 
raeiit,  there  being  convmoniy  but  two  or  sometimes  oue  flap  or 
pocket  entering  into  the  formation  of  the  valve.     They  are  most 
closely  set  in  the  long  veins  of  the  extremities,  in  which  the  blood 
current  has  to  move  against  the  force  of  gravity. 

The  general  aggregate  diameter  of  the  different  parts  of  the 
vascular  system  varies  greatly.  The  combined  calibre  of  the 
branches  of  an  artery  exceeds  that  of  the  parent  trunk,  so  that 
the  aggregate  sectional  area  of  the  arterial  tree  increases  as  one 
proceeds  from  the  aorta  towards  the  capillaries.  After  the  mus- 
cular arterioles  are  passed  the  general  diameter  of  the  vascular 
system  suddenly  increases  enormously,  and  in  the  capillaries  it 
reaches  its  maximum,  which  is  said  to  be  about  eight  hundred 
times  as  great  as  the  diameter  of  the  aorta.  I 

The  aggregate  sectional  area  of  the  veins  also  diminishes  as  the 
tributaries  unite  to  form  main  trunks,  and  reaches  its  minimum 
at  (he  entrance  of  the  vena  cava  into  the  right  auricle. 

The  capacity  of  the  veins  is,  however,  everywhere  much  greater 
than  that  of  the  corresponding  arteries,  the  least  ditterence  being 
near  the  heart,  where,  however,  the  calibre  of  the  veins  is  more 
than  twice  that  of  the  aorta. 

After  this  brief  anatomical  sketch  the  most  important  proper- 
ties of  each  ditTerent  part  of  the  vascular  system  may  be  sum- 
marized thuD : 


1.  The  structure  of  the   walls  of  the  large  arteries  shows 

them  to  be  capable  of  sustaining  considerable  pressure, 
and  of  exerting  powerful  elastic  reeoU. 

2.  In  the  small  arteries,  as  well  as  this  elasticity,  great  varia- 

bility iu  their  calibre,  dejiendeut  on  the  contraction  of 
their  muscular  coat,  occurs. 

3.  In  the  capillaries  we  find  extreme  thinness,  elasticity,  and 

permeability  of  their  wall,  which  presents  an  enormous 
surface,  so  as  to  allow  free  interchange  between  the 
blood  and  the  surruundiug  textures. 

4.  The  veins  have  yielding  and  distensible  coatfi,  great  gen- 

eral capacity  to  accommodate  a  large  quantity  of  blood, 
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and  valves  to  prevent  its  backward    flow   upon   the 
capillaries. 

Physical  Forces  of  the  Circulatios. 

When  liquid  flows  through  a  tnbe  it  does  so  aa  the  result  of  a 
difference  of  pressure  in  the  different  parts  of  the  tube  ;  the  liquid 
moving  from  the  part  where  the  pressure  is  higher  towards  that 
where  it  is  lower. 

The  energy  of  the  flow  correspooda  with  the  amount  of  differ- 
ence in  the  pressure,  and  varies  exactly  with  the  pressure-difler- 
ence,  being  codUquous  so  long  as  the  pressure  is  unequal  in  dif- 
ferent parts,  and  being  interrupte<l  when  the  pressure  is  equalized 
throughout  the  tube.  If  liquid  be  forcibly  pumped  into  one  ex- 
tremity of  a  long  tube,  such  as  a  garden  hose,  a  pressure-differ- 
ence is  of  course  established,  the  pressure  becoming  greater  at 
the  end  into  which  the  liquid  is  pumpied,  consequently  a  current 
takes  place  towards  the  oi)en  end.  So  long  as  the  free  or  distal 
end  (if  the  tube  is  quite  open  and  on  the  same  level  as  the  re«t, 
no  very  great  incre»ise  of  pressure  can  be  brought  to  bear  on  the 
walls  of  the  tube,  no  matter  how  forcibly  the  pumping  may  n<> 
on,  as  the  liquid  easily  escapes,  and  therefore  flows  out  all  the 
more  quickly  as  the  pumping  becomes  more  energetic.  If,  how- 
ever, the  outflow  be  impeded  by  raising  the  distal  end  of  the 
tube  to  any  considerable  height,  or  by  partially  closing  the  orifice 
with  a  nozzle  or  rose,  then  the  pressure  within  the  tube  can  be 
greatly  increased  by  energetic  pumping,  and  the  tube  being  elastic 
will  swell  when  distended  by  the  presiiure. 

It  can  be  further  observed  in  this  common  operation  that  the 
smaller  the  orifice  of  the  nozzle  be,  the  greater  the  preaiaure  in 
the  tube  with  a  given  rate  of  working  the  pump  ;  and,  the  orifice 
remainiog  the  same,  the  pressure  will  increase  in  proportion  as 
the  pump  is  more  energetically  worked.  Or  in  other  wordu,  the 
pressure  within  the  tube  will  depend  on  (a)  the  force  used  at  the 
pump,  and  {b)  the  degree  of  impediment  offered  to  the  outflow. 

If  the  tube  be  resilient,  and  if  the  nozzle  have  a  small  orifice 
so  that  a  high  pressure  can  be  established  within  the  tube,  it  will 
be  found  that  the  liquid  will  flow  from  the  nozzle  in  a  continuous 
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stream,  and  will  not  follow  the  jerks  connnunicated  by  the  pump. 
That  is  to  gay,  the  interrupted  energy  of  the  pump  is  stored  up 
by  the  elastic  tube  and  converted  into  a  continuous  pretmtre  ex- 
erted on  the  fluid.  But  if  the  tube  be  quite  rigid,  or  the  orifice 
too  wide  to  allow  the  pressure  within  tlie  tube  to  be  raised  suffi- 
ciently high,  then  the  fluid  will  flow  out  of  the  end  of  the  tube  in 
jets  which  correspond  with  the  strokes  of  the  pump ;  that  is  to  say, 
the  outflow  will  follow  closely  the  press ure^ifference  caused  by 
the  pump  at  the  point  of  inflow. 

Now  these  simple  facta  (which  can  be  verified  esperimentally 

rnith  an  ordinary  enema  bag,  a  yard  of  elastic  tubing,  and  a  short 
glass  tube  drawn  (o  a  point)  form 
Fio.  129.  the   key  to   the   most   important 
^^tt^^^                    dynamic  principles  of  the  circu- 
^^^^^^V                 lation. 
Jf,                    ^^  The  cause  of  the  blood's  motion 
^'^^Rl                     iflll^'^'       is  simply  a  difference  in  the  pres- 
^                      *jg               sure  within   the  various  parts  of 
^L        s      ^m                the  vascular  system,  for  the  heart 
^^^■^^                  acta  as  the  pump  filling  the  tube 
r,.             ^^T     ,    -       ,           represenleil   by  the  large  elastic 
Diugram  of  tirtulaUon,  slinw-          "^  i      ■  i 
arteries,  which  can  be  more  or  leas 

distended,  according   as    (1)  the 

outflow  is  impeded  or  facilitated 

by  the  coutraction  or  relaxation  of 

the  muscular  arterioles  which  form  the  outlet,  or  as  (2)  the  inflow 

is  iucreased  or  diminished  by  the  greater  or  less  activity  of  the 

heart's  action. 

From  the  foregoing  facts,  and  what  has  been  said  of  the  direc- 
tion of  the  blood  current,  namely,  that  it  flows  from  the  arteries 
through  the  capillaries  into  the  veins,  it  would  then  appear  that 
the  pressure  in  the  arteries  exceeds  that  in  the  capillaries,  and 
the  pressure  in  the  capillaries  roust  in  turn  be  greater  than  that 
in  the  veins,  the  blood  flowing  in  the  direction  in  which  the  pres- 
I  sure  becomes  less. 

^^B  The  difference  in  the  manner  in  which  the  blood  flows  from  a 

^"^        cut  artery  and  a  cut  vein  shows  that  a  great  difference  exists  iu 
the  pressure  within  the  two  seta  of  vessels. 


Diugram  of  Dirtulalion,  slinw- 
uig  right  <K.H.)  :ind  left  (l.h.) 
hearts,  «n<i  the  pulmonary  (p)  iiml 
syRtemic  (a)  set*  of  f»pillarie«. 
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When  a  small  artery  is  cut  across  and  the  orifice  directed  iip- 
wardc,  the  blood  is  thrown  two  or  three  feet  in  jerks.  When  a 
vein  is  cut,  the  blood  only  trickle«  gently  from  its  orifice,  the 
force  depending  much  upon  the  position  of  the  part ;  and  it  is 
well  known  that  bleeding  from  a  vein  in  the  leg  can  easily  be 
slopped  by  placing  the  limb  in  a  position  more  elevated  than  the 
rest  of  the  body,  so  as  to  remove  the  force  of  gravity  from  acting 
on  the  blood. 

By  means  of  a  special  form  of  gauge  (the  mercurial  mano- 
meter)— which  will  presently  l>e  described — the  exact  difterence 
in  the  pressure  exerted  by  the  blood  against  the  vessel  walls  in 
the  different  parts  of  the  circulation  can  be  accurately  estimated, 
and  it  has  been  found  by  direct  experiment  that  the  blood  pres- 
sure varies  just  as  one  would  be  led  to  expect  from  a  considera- 
tion of  its  physical  relationships,  namely,  the  direclinn  and  rate 
of  the  current  and  the  varying  width  of  the  bed  in  which  it 
flows. 

The  rate  of  the  fall  in  pressure  observed  in  the  vessels  passing 
from  the  left  ventricle  lo  ihe  right  auricle  is  not  even,  hut  in  the 
arterioles  it  falls  suddenly,  and  a  great  diflerence  therefore  always 
exists  between  the  arterial  and  venous  pressure  (v.  p.  '294).  i^iuce 
there  is  a  permanent  high  pressure  in  the  arteries  as  compared 
with  that  in  the  capillaries  and  veins,  there  can  be  no  difficulty 
in  explaining  the  j>ermaneut  flow  through  the  capillaries  from 
arteries  to  veins. 

The  fundamental  problem  that  must  be  clearly  understond  in 
studying  the  dynamics  of  the  circulation  is,  how  the  high  pressure 
in  the  arteries  is  kept  up,  or,  in  other  words,  how  the  arteries  can 
exert  so  much  pressure  on  the  blood  when  the  capillary  out-flow 
is  so  wide  and  free. 

From  the  description  already  given  of  the  action  of  the  heart, 
it  appears  that  each  heat  of  the  ventricle  pumps  some  six  ounces 
of  blood  into  the  aorta,  which  hluod,  though  coming  to  the  left 
ventricle  from  the  pulmonary  circulation,  may,  on  account  of 
the  exact  co-operation  of  the  two  sides  of  the  heart,  he  said  to 
be  pumped  out  of  the  systemic  veins,  and  thus,  as  far  as  the 
physical  forces  are  concerned,  the  pulmonary  circulation  may  !« 
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left  out  of  the  rjuestion.  This  occurs  some  seventy  times  a  min- 
ute, 80  that  an  cnornioug  quantity  of  blood  is  rernoveil  from  the 
veins  and  forced  into  the  arteries.  The  ventricles  in  filling  the 
arteries  have  to  work  against  considerable  pressure,  and  may  be 
said  to  pump  the  blood  from  the  low-pressure  veins  up  into  the 
high-pressure  arteries,  and  this  work  is  the  cause  of  the  prepare 
difference  lietween  the  two  sets  of  vessels.  During  the  contrac- 
tion of  the  heart  the  ventricular  jiressure  must  exceed  that  of  the 
aorta,  while  during  the  diastole  it  falls  to  that  of  the  auricle  or 
even  of  the  great  veins.  The  heart  then  is  the  first  and  most 
important  ngent  by  which  the  arteries  are  kept  stretched  and 
over-filled,  and  the  veins  are  emptied. 

A  second  important  factor  in  enabling  the  high  blood -pressure 
to  be  kept  up.  is  the  resiliency  of  the  middle  coat  of  the  arteries. 
It  is  only  on  account  of  the  great  elasticity  of  the  arterial  wall.«, 
that  these  vessels  are  capable  of  being  so  over-filled,  and  only  on 
account  of  the  |>erfect  resiliency  of  the  elastic  coat,  that  they  are 
able  to  exert  such  powerful  pressure  on  the  blood  for  such  an  uu- 
limite<i  time.  If  the  arteries  were  rigid  lubes,  overtillitig  them 
with  a  fluid  itself  inelastic  would  l>e  out  uf  the  question  ;  the  out- 
flow from  the  distal  e.xtrcraitj'  woultl  take  place  exactly  when  the 
additional  charge  of  blood  was  injected  by  the  heart. 

With  each  contraction  the  ventricle  overcomes  arterial  pressure, 
and  further  stretches  the  elastic  artery.  But  the  act  of  injecting 
the  blood  into  the  aorta  only  occupies  about  one-quarter  of  each 
heart  beat.  The  semi-lunar  valvct  bear  the  pressure  of  the  blood 
in  the  aorta  for  the  rest  of  the  time.  The  whole  force  of  the  ven- 
tricle is  therefore  used  up  in  causing  arterial  di.'ftension.  During 
the  greater  part  of  the  time  (about  three-quarters  of  the  heart's 
cycle)  the  arteries  are  in  the  condition  of  over-filled  elastic  tubes, 
with  their  cardiac  end  firmly  closed  by  the  aortic  valves,  and 
their  distill  ends  open. 

It  follows  that  the  blood  flowing  constantly  out  of  the  distended 
arteries  througti  the  capillaries  into  the  veins  tends  to  equalize 
the  pressure  in  the  veins  and  arteries.  Hut  why  is  not  this  coo- 
stant  outflow  sufficient  to  allow  the  pressure  in  the  arteries  to  fall 
to  the  level  of  that  in  tho  veins?    Or  in  other  words,  what  is  the 
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irapeditnent  offered  to  the  escape  of  the  blood  from  the  arteries 
that  thus  keeps  them  distended  ?  If  the  arteries  and  veins  were 
a  set  of  continuous  wide  tubes  of  aimitar  construction  and  capacity 
throughout,  it  would  be  impossible  for  the  heart  to  empty  the 
veins,  to  overfill  the  arteries,  and  to  establish  the  great  pressure 
difference  that  normally  exists.  Therefore  some  resistance  equal 
to  the  pressure  must  be  offered  to  the  flow  of  the  blood  from  the 
arteries  into  the  veins. 

This  resistance  is  made  up  of  several  items,  of  which  one  alone 
is  sufficient  to  keep  up  the  arterial  pressure,  namely,  the  active 
contraction  of  the  arterioles.     No  doubt  the  enormous  increase  of 

Fio.  130. 


Traiiiijr,  sliDwiiif,'  till-  elicct  of  Sliniulation  of  Viigiis  Nerve.  Stimulus 
.-i|jplieJ  between  vertical  lines.  (Recording  surface  moved  from  Jeft  to 
right.) 


surface  over  which  the  blood  has  to  move  in  the  capillaries,  and 
the  pressure  exercised  upon  them  by  the  surrounding  elastic  tis- 
sues, impede  the  emptying  of  the  arteries.  But  that  the  contrac- 
tility of  the  arterioles  is  the  most  important  item,  may  be  seen 
from  the  following  consideration.  The  resistance  offered  by  the 
capillaries  themselves,  whether  by  the  greater  friction  or  by  the 
elastic  presistire,  ia  insignificant  when  compared  with  the  arterial 
blood  pre.<sure,  and  is  far  from  sufficient  to  restrain  the  blood 
from  rushing  into  the  veins.  This  is  seen  when  the  arterioles  are 
paralyzed  by  the  destruction  of  the  nervous  mechanism  controlling 
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tbetn  ;  tho  blood  then  flows  readily  through  the  capillary  network, 
the  veina  become  engorged,  the  arterial  blood  presaure  falls,  and 
the  circulation  comes  to  a  stand&'ttll,  in  spile  of  the  heart's  more 
rapid  beats.     We  know  also  that  after  the  arterioles  are  passed 

Fio.  ISl. 


Meri'iiiiiil  Manonii'lcr  fur  meiiBiiring  mid  reitjnliKj;  (lie  WimxI  pressure. — 
a.  Proximate  liriili  nf  inaiuniii'tpr.  I>.  Vn'um  of  two  limlis  of  nianoincter. 
e.  Tlip  rixl  floulliij^  oil  iiR^rciiry  .mil  c.-irrying  ihe  writing  |>t>int.  (/.  Slop- 
cook  tliroii^h  wliicli  tlio  MKliiiin  liicarUmate  can  be  introduced  between  the 
bUwMl  uiiil  incri'itrv  of  iiianoiiielcr. 


the  pressure  falls  suddenly,  and  in  the  capillary  network  the  pres- 
sure is  always  very  low. 

The  four  great  factors  then,  in  keeping  up  the  arterial  blood- 
pressure,  are :  1,  the  heart-beat;  -,  perfect  aortic  valves:  .'5,  tiie 
elastic  resiliency  of  the  large  arteries;  4,  the  resistance  offered  by 
the  coutraction  of  the  rnusfiilar  arterioles. 

If  any  of  these  fail,  llie  mechautsm  of  the  circulation  is  at  once 
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impaired.  For  example,  the  heart's  beat  may  be  stopped  by  the 
glimulatiun  of  the  iohibitory  nerve  fibres  of  the  vagus,  in  which 
case  the  blood  pressure  rapidly  fails,  as  shown  by  the  curve  taken 
by  the  graphic  method.  Or  weakness  of  the  heart-beat  may  arise 
from  disease  (fatty  degeneration)  of  the  muscle,  when  signs  of  low 
arterial  tension  can  be  recognized  in  the  humau  subject. 

Any  insufficiency  of  the  aortic  valves,  whose  duty  it  ia  to  close 
the  proximal  end  of  the  arteries,  that  permits  the  blood  to  flow 
backward  into  the  ventricle,  allows  the  pressure  in  the  arteries  to 
fall  between  each  ventricular  systole,  so  that  the  characteristic 
"pulse  of  unfilled  arteries"  ia  recognized  by  the  physician. 

The  resiliency  of  the  arterial  coats  may  also  be  destroyed  to  a 
certain  extent  by  degeneration  of  the  tissue,  in  which  case  the 
large  arteries  become  greatly  distended,  and  unable  to  exert  their 
normal  steady  pressure  ou  the  blood. 

Injuries  of  the  nerve  centres  are  often  associated  with  paralysis 
of  the  muscular  arterioles,  and  fall  of  blond  pressure;  but  the 
effect  upon  the  blood  pressure  of  dilatation  of  the  small  arteries 
can  be  beat  seen  by  experimenting  on  the  nerves  that  control  their 
contraction  in  the  lower  animals.  If  paratysid  or  inhil>itioii  of 
the  vasomotor  mechanisms  be  experimentally  produced,  the  result 
on  the  arterial  pressure  ia  the  same,  namely,  a  sudden  fall,  which 
may  reach  zero :  all  opposition  tn  the  outflow  of  blood  from  the 
arteries  being  stopped,  they  cease  to  be  tense,  even  though  the 
ventricle  continue  to  beat  and  pump  the  blood  into  them. 

Measurement  of  the  Bi-ood  Pre.ssure. 

The  first  attempt  at  direct  measurement  of  blood  pressure 
was  made  by  the  Rev.  Stephen  Hales  about  the  middle  of  last 
century,  who,  wishing  to  compare  the  motion  of  fluids  in  animals 
wKh  that  of  plants,  connected  a  tube  in  an  artery  of  a  living 
animal,  and  found  that  the  blood  was  ejected  with  considerable 
force,  and  that  when  the  artery  of  a  horse  was  brought  into  union 
with  a  long  upright  tube,  the  blood  reached  a  height  of  about 
three  yards. 

The  blood  itself  is  not  now  used  as  a  measure,  because  so  much 
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blood  leaving  the  vessels  tends  to  empty  them  aud  to  reduce  the 
pressure  in  the  arteries ;  besides  the  coagulation  of  the  blood  soon 
stops  the  ex|>eriment.  We  now  employ  the  mercurial  manometer, 
which  consists  of  a  column  of  mercury  in  a  U-shaped  tube.  To 
prevent  coagulation,  the  tube  between  the  mercury  and  blood  is 
fillet!  with  a  solution  of  sodium  carbonate,  the  pressure  being  regu- 
lated to  equalize  as  nearly  as  possible  that  of  the  blood.  A  rod 
is  made  to  float  upon  the  mercury,  in  the  open  side  of  the  tube. 


Tlie  onliiiury  iihmIitii  f.niii  ul  rulaiiiig  MaiUi iiol  lyrmdcr  (r),  which  iu 
moved  by  llie  clookwork  in  the  box  (a)  by  meuns  uf  the  disk  (d)  preiuing 
upon  tlie  wlievl  (»),  wliicli  can  be  raised  or  lowered  by  (he  screw  (L),  »o  a^ 
to  rub  un  a  |>urt  nf  llie  disk  more  iir  letui  neur  ibe  centre,  and  thus  rotate  Bt 
difl'erent  nilea.  The  cylinder  ciin  be  raised  by  llie  screw  (r),  which  is  turned 
by  the  handle  (i').     (Hermann.) 


and  to  the  upper  extremity  of  this  a  writing  apparatus  can  be 
attached,  su  that  by  the  movements  of  the  mercury,  a  graphic 
record  of  the  blood  pressure  and  its  variation  can  be  trnce<l  on  a 
regularly  moving  surface.    This  iostruraent,  known  as  Ludwig's 
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Kymograph,  is  that  used  in  all  ordinary  Dieasurementa  and  ex- 
periments on  blood  pressure.  In  order  to  overcome  the  inertia 
of  the  mercurial  column,  another  instrument  has  heen  devised 
wliich  will  he  mentioned  in  upeakiug  of  the  character  of  the  curve 

Kio.  133. 


Ll'PWio's  Kymoubaph  wilheoiiliiiiioii!i  |i3|i(.t. — Tlie  instriiiuenl  ronsisls 
of  an  iron  table,  abuvu  whioli  ilie  rt>i?(irdiii)'  Kiirfiiec  is  slowly  drawn  jmi-t  the 
writing  [iiiints  fruiii  mi  Kixdle^  roll  ut°  ))a|>i-i'  on  the  lufl  t>_v  tlit*  nmliint  of  llio 
cyliiKler  (c),  aiiJ  rolleil  up  on  aiiptiullfr  ni'.\t  llie  lirivingwiit't'l  on  llie  riglit. 
Tbu  mercurial  nmiionicterB  (d)  are  fixed  »o  that  tlie  open  ends  come  in  front 
of  the  firm  roller  ii(Kjn  which  the  (laper  rests.  The  writing  style  cin  be  seen 
rising  from  theiie  lulj«i  white  the  utherliintisof  the  manomctent  Icid  through 
the  stop-toflcs  to  the  (uheH  which  ore  in  oonimunicnlion  with  the  hlood- 
vesseb.  The  time  in  recorded  hy  means  of  a.  pen  attached  to  the  electro- 
magnet (m),  which,  by  a  "breaking"'  clock,  is  demagnetised  every  second. 
The  moment  »C  which  a  stimulus  is  npplied  is  marked  by  a  key  tu  which 
another  pen  is  atuiche<l  near  the  time-marker. 

(p.  297).  When  an  experiment  of  long  duration  has  to  be  made, 
a  recorder  with  a  long  rolled  strip  of  paper  can  be  employed 
(Fig.  133). 
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The  modern  accurate  methods  of  research  have  taught  us  the 
differences  in  pressure  that  exist  in  the  various  parts  of  the  vascu- 
lar system.  However,  direct  measurement  cnn  only  be  accom- 
plished in  vessels  of  such  a  size  an  to  admit  a  cannula,  hence  the 
pressure  in  the  capillaries,  in  the  very  minute  arteries  and  veins 
can  only  indirectly  be  estimatetl.  The  pressure  in  all  parts  of 
the  vascular  system  is  subject  to  frequent  variation  to  be  presently 

Fio.  134. 


I)i;ij;rnni  slmwin);  llio  rclalive  height  of  the  blood  |ir<'M»iiri'  in  lliedifTert'iil 
regions  of  tlie  vtswels.  H.  nf4irt.  a.  Arteries,  o.  Arterioles,  c.  Cajiil- 
Inrics.  v.  Small  veins,  c.  LiirRP  veiim.  il.  v.  being  the  rero  line,  the  pres- 
sure i«  inHic-aliil  by  the  eleviititiii  of  ihc  curve.  The  numbers  on  the  left 
give  the  pressure  lapproximatcly)  in  mm.  of  mercury. 

mentioned,  but  this  table  may  be  useful  in  giving  a  general  idea 
of  the  average  permaoeut  diflferences  that  exist  in  the  difiereot 
vessels  of  large  animals  and  man. 

iMrge  arteries  (Carotiii,  Horse)  4-  1*50  mm.,  mercury. 

Medium   "       (Bni(;hial,  Man)   {- 120  mm,,        " 

Capillaries  of  Finger,  4~    ^^  mm.,       " 

8mall  Veins  of  Arm,  -f-     ^  mm.,        " 

L&rge  Vein  of  Neck,  —  I  to  —  3  mm.,       " 
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If  the  different  parts  of  the  eirciilation  be  represented  on  the 
base  line  li.  A.  c.  v.,  these  letters  corre.«pon<Hng  to  heart,  arteries, 
capillaries,  and  veins  respectively,  and  if  the  height  of  the  blood 
pressure  be  represented  on  the  vertical  line  in  mm.  Hg,  the  curve 
h,  a,  e,  V,  would  give  about  the  relative  pressure  in  the  various 
partsof  the  circulation.  This  shows  that  in  the  receiving  chamber 
of  the  heart  the  pressure  is  below  zero,  while  the  ventricular  pump 
drives  it  to  the  height  of  the  arterial  pressure  160  mm.  Hg.  In 
the  arteries  the  pre.».sure  though  griidually  fulling  is  everywhere 
high,  while  just  before  the  blood  reaches  the  capillaries,  a  sudden 
fall  occurs.  The  variation  after  this  is  merelj-  a  gentle  descent 
until  the  large  venous  trunks  are  reached,  where  the  pressure  is 
bi'Iow  zero.  From  a  purely  physical  point  of  view  then,  the  ven- 
tricle may  be  regarded  as  (lumping  the  blood  up  to  an  elevated 
high-pressure  reservoir  of  small  capacity  (the  arteries),  from  which 
it  rapidly  falls  by  numerous  outlets  into  an  expansive  low-lying 
irrigation  basin  (the  wide  capillaries),  whilst  it  slowly  trickles 
back  to  the  well  (the  auricle)  under  the  pump,  which  lies  below 
I  he  surface  pressure. 

From  this  diagram  the  following  [loints  can  be  gathered  : 

1.  The  great  dilference  between  the  [iressure  on  the  arterial 
and  venous  sides  of  the  circulation. 

2.  The  com |>a rati vely  slight  diHbrence  iu  pressure  in  the  dif- 
ferent j)arts  of  the  arterial  or  of  the  venous  systems  re- 
spectively. 

3.  The  suddenness  of  the  fall  tii  tiie  pressure  between  the  small 
arteries  and  the  capillaries,  wheru  the  great  resistance  to 
the  outflow  ia  met  with. 

4.  In  (he  large  veins  the  pressure  of  the  blood  is  habitually 
below  that  of  the  atmosphere,  only  becoming  positive 
during  forced  expirations. 


Variations  in  the  Blood  Prkssure. 

If  the  blood  pressure  be  recorded  with  Ludwig's  Kymograph,  a 
tracing  will  be  obtained  which  shows  that  the  pressure  undergoes 
periodic  elevations  and  depressions  of  two  diS'erent  kinds.     The 
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einaller  oeciilatioDs  are  found  to  correspoud  with  the  heart-beat, 
the  larger  waves  have  the  same  rhythm  as  the  respiratory  move- 
ments, and  the  average  elevation  of  the  mercurial  columD  is 
gptjkeii  of  as  the  mean  presgure.  I  a  the  large  arteries  of  the  warm- 
bhtodeii  animals  this  mean  pressure  varies  with  the  size  of  the 
aoinial  from  90  mm.,  mercury,  to  more  than  200  mm.  lu  cold- 
blooded animals  it  is  comparatively  low,  from  22  mm,  (.frog, 
Volkraaim)  to  84  mm.  (large  fish). 


'i-..  \:r,. 


BltH-Ml-jirciisiii"  (iirvi-,  ili:iwn  Uy  ineroiii iiil  niunoiiick'r.  <)  — r=^7.ero 
line,  y — ij'  ^I'lirve  wiili  large  rcspimlory  waves  unci  hiikiII  wnve^  of  heart 
impulRe.     A  scale  is  intnKliiced  to  show  height  of  |)rL-s.sii re  in  e  c  of  Hg. 

The  general  mean  pre.«sure  in  the  arteries  is  increased  by  :  (1), 
increased  action  of  the  heart;  (2),  increased  contraction  of  the 
muscular  cont  of  the  arteries  ;  (3),  sudden  increase  in  the  quan- 
tity of  blood.  When  the  change  is  gradual  the  vessels  adapt 
themselves  to  the  increase.  The  opposite  of  these  conditions  may 
be  said  to  have  an  opposite  effect. 
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The  character  of  the  change  in  pressure  which  accompanies  the 
heart's  systole  is  not  exactly  shown  in  the  tracing  obtained  by  the 
mercurial  manometer,  owing  to  the  sluggishness  of  the  movement 
of  the  mercurial  column,  which,  aa  it  were,  rubs  off  the  apices  of 
the  curves.  But,  with  the  spring  Kymograph  of  Fick,  the  de- 
tails of  these  osciliatioDs  are  marked.    They  are,  of  course,  syn- 

Fia.  136. 


Fick'»  Spring  Manometer. — A  liulUiw  ('-shaped  spring  (a),  niude  of  ex- 
tremely thin  metal,  is  fixed  at  (/<  b)  where  its  cavity  conimiinieates  with 
the  tube  (k).  The  top  of  the  C  is  connected  at  (a)  with  the  writing  lever. 
Any  increase  of  prensiire  in  the  tube  (r)  cnusex  the  spring  to  expand  and 
move  the  writing  point  (u)  up  and  down. 


chronous  with  the  arterial  pulse,  and  follow  the  variations  of  ten- 
sion, as  will  be  described  when  tretiting  of  that  subject.     (See 
Figs.  136  and  137.) 
The  cause  of  the  undulations  in  the  blood -pressure  curve  cor- 
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Fio.  137. 


TrnrJng  of  blood  pressure 
Ukeo  with  Pick's  mano- 
meter. 


respondiDg  to  the  respiratory  movemeaU  is  not  quite  so  simple  as 
it  might  appear  to  be  at  first  sight,  and  it  has  often  been  ntisuD- 
derstood.  Though  many  causes  have  been  given,  no  single  one 
appears  to  explain  adequately  all  the  changes  that  may  occur  in 
this  phenomenon  under  varying  circumstances.  At  first  eight 
the  respiratory  movements  and  consequent  pressure  changes 
within  the  thorax  would  seem  to  give  a  simple  mechanical  ex- 
planation. But  if  the  change  occurring  in  the  intrathoracic 
pressure  be  examined  carefully,  it  will 
be  found  not  to  correspond  exactly  with 
the  so-called  respiratory  wave  of  the 
pressure  curve  in  the  arterial  system. 
Owing  to  the  lungs  being  very  elastic 
and  constantly  tending  to  shrink  away 
from  the  costal  pleura,  as  may  be  seen 
when  the  thoracic  cavity  is  opened  and 
the  lungs  collapse,  the  pressure  in  the 
pleural  cavity  is  less  than  that  of  the 
atmosphere  which  distends  the  lungs, 
i.e.,  the  pleural  pressure  is  negative.  All  the  viscera  in  the 
thoracic  cavity  are  habitually  under  the  influence  of  the  negative 
pressure.  Thus  the  elastic  lungs  exert  a  kind  of  traction  on  the 
pericardium,  and  tend  to  cause  a  negative  pressure  within  the 
heart  and  great  systemic  vessels,  both  arteries  and  veins.  The 
influence  is  of  course  greater  in  the  thin-walled  veins,  in  which 
the  pressure  is  minimal,  than  in  the  thick-walled  arteries,  where 
the  pressure  is  so  high  that  they  feel  but  little  the  intrathoracic 
decrease. 

The  amount  of  traction  exercised  on  the  pericardial  conteota 
by  the  lungs  varies  with  the  respiratory  movemeuts,  being  slightly 
increased  during  inspiration,  and  decreased  during  expiration. 
The  differences  which  are  thus  produced  however  during  ordinary 
reepiration  are  very  slight  (probably  1  mm.,  mercury),  when 
compared  with  the  mean  negative  pressure,  which,  while  the 
thorax  is  in  an  intermediate  state  of  extension,  is  probably 
about  10  mm.,  mercury.  So  slight  a  variation  as  1  mm.,  mer- 
cury, could  not,  by  direct  action  on  the  aortic  arch,  cause  the 
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change  of  several  millunetres  which  we  see  in  the  respiratory 
undulation  in  the  arterial  pressure.  We  must,  therefore,  seek 
the  explanation  in  the  changes  it  causes  in  the  great  veins. 

It  has  beeu  suggested  that  by  facilitating  the  flow  from  the 
great  veins  into  the  thorax,  by  a  kind  of  sucking  action,  the 
amount  of  blood  entering  the  right  auricle  during  inspiration  may 
be  increased,  and  thus  the  left  ventricles  may  be  better  filled  aud 
made  to  beat  more  actively,  so  as  to  cause  an  elevation  in  the 
arterial  pressure. 

But  this  view  appears  to  leave  the  pulmouary  circulation  out 
of  the  question  in  a  way  hardly  justifiable,  siuce  it  must  be  tra- 


Fio.  138. 


liliHxl-pressiire  and  Respiratory  Tracings  ret-orcled  synrlironoiisly— record- 
ing surface  moving  from  riglit  to  left — allowing  tlint  the  Tariation«  in  presii- 
are  in  the  arteries  (continuous  line)  and  in  the  thoracic  cavity  (dotted  line) 
do  not  exactly  corres[>ond,  the  latter  contiouing  to  fall  after  the  blood 
pressure  ha«  commenced  to  rise. 


versed  by  the  blood  before  the  increased  inspiratory  inflow  to  the 
right  auricle  can  affect  the  left  ventricle  or  the  systemic  arteries. 
The  sequence  of  events  may  be  read  as  follows.  During  inspi- 
ration the  negative  pressure  on  the  right  heart  is  increased  ;  the 
atmospheric  pressure  acting  on  the  tributaries  of  the  superior 
vena  cava  is  unchanged,  while  the  pressure  in  the  abdominal 
cavity  is  increased,  and  the  inferior  vena  cava  compressed  by  the 
muscular  action.  The  blood  then  flows  more  readily  during  in- 
spiration into  the  right  heart,  atiH  consequently  the  lungs  receive 
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a  larger  supply  of  blood  during  this  period.  In  expiration  the 
negative  intrathoracic  pressure  becomes  less  negative,  the  com- 
pression of  the  abdominal  viscera  is  relieved,  and  the  flow  into 
the  auricle  loses  somewhat  in  force. 

It  must  be  carefully  borne  in  mind  that  the  left  side  of  the 
heart  works  under  different  additions,  for  the  same  variations  of 
pressure  affect  both  the  pulmonary  veins  and  the  left  auricle 
equally,  since  they  are  both  included  in  the  thoracic  cavity,  and 
are  both  subjected  to  a  slightly  varying  negative  pressure.  The 
aid  given  to  the  flow  into  the  right  heart  by  the  low  intrathoracic 
pressure  is  quite  absent  on  the  left  side ;  so  that  the  thoracic 
raovcraents  do  not  exert  any  influence  on  the  flow  of  blood  from 
the  pulmonary  to  the  systemic  arteries.  But  while  inspiration  is 
taking  place  the  lungs  receive  a  larger  supply  of  blood ;  and  from 
the  relative  amounts  of  blood  in  the  diflferent  organs  it  is  proV 
iible  that  thi.s  slight  excess,  having  passed  the  lungs,  arrives  at  the 
left  ventricle  at  the  period  of  expiration.  Thus,  during  expira- 
tion the  left  ventricle  receives  from  the  lunp  and  ejects  to  the 
systemic  arteries  an  amount  of  blood  slightly  in  excess  of  that 
which  it  receives  and  ejects  during  inspiration.  This  may  have  a 
direct  efiect  on  the  pressure  in  the  great  arterial  trtiiiks.  But  it 
is  more  than  probable  that  excess  of  blood  in  the  heart  cavities 
acts  as  a  nervous  stimulus,  and  excites  the  inhibitory  centre  of  the 

^^         heart  and  the  depressor  centres  which  control  the  arterioles. 

^B  The  adoption  of  this  view  appears  necessary  from  the  following 

^^         facta : 


(1.)  The  rise  in  pressure  is  not  exactly  synchronous  with  ex- 
piration or  inspiration  ; 

(2.)  The  heart  beats  more  slowly  during  expiration  than  in- 
spiration ; 

(3.)  This  difference  at  once  disappears  if  the  vagi  be  cut, 
and  the  respiratory  wave  becomes  greatly  modified  ; 

(4.)  The  re.spiratory  wave  is  observed  when  artificial  respi- 
ration is  employed,  in  which  the  forcing  of  air  into 
the  lungs  is  the  cauee,  and  not  the  result,  of  the  tho- 
racic movements,  so  that  the  pressure  effects  are  re- 
versed. 
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We  may  conclude,  then,  that  a  sympathy  in  action  can  be  dis- 
tinctly recognized  in  the  working  of  the  respiratory  and  cardiac 
nerve  centres. 

Since  the  unduJatioDS  known  asTraiibe's  curves  occur  in  cura- 
rized  animals  when  no  respiratory  movements  are  performed,  it  has 
been  proposed  to  explain  the  respiratory  undulations  in  the  same 
way,  namely,  by  referring  them  to  a  stimulation  of  the  vasnmoter 
centre  by  impure  blood,  which  by  rhythmical  impulses  increasing 
the  contraction  of  the  arterioles  causes  a  rhythmical  variation  in 
the  blood  pressure.  This  explanation  seems  to  be  rendered  unsat- 
isfactory by  the  fact  that  the  respiratory  undulations  go  on  even 
when  the  arterioles  are  cut  off  from  their  chief  nerve  centres  by 
sections  of  the  spinal  cord.  80  that  if  these  undulations  are  to 
be  referred  to  nerve  mechanism,  we  are  ignorant  of  the  course  the 
nerve  impulses  take,  for  any  rhythmical  sympathy  existing  be- 
tween the  respiratory  and  vasomotor  nerve  centres  in  the  medulla 
cannot  have  any  influence  when  the  cord  is  cut. 

The  blood  pressure  in  the  capillarien  cannot  be  directly  measured ; 
it  is  difficult  to  estimate,  and  very  variable.  The  slightest  change 
of  pressure  in  the  corresponding  veins  or  arteries  causes  the  press- 
ure in  the  capillaries  to  rise  or  fall.  Thus  variations  in  pressure 
are  constantly  occurring  in  the  capillaries,  which  cause  an  alter- 
ation in  the  rate  of  flow,  or  even  a  retrograde  stream  in  some 
parts  of  the  network. 

The  regulation  of  the  blood  supply,  and,  therefore,  of  the  press- 
ure iu  the  capillaries,  is  under  the  control  of  the  small  arterioles 
which  supply  them  ;  a  slight  relaxation  of  the  muscle  of  the  arteri- 
oles causes  great  increase  in  the  amount  of  blood  flowing  through 
the  capillaries,  as  can  readily  be  seen  with  the  microscope. 

The  blood  pressure  in  the  veins  must  be  less  than  that  in  the 
capillaries,  and,  as  has  been  said,  must  diminish  as  the  heart  is 
approached,  where  in  the  great  veins  (superior  cava)  the  pressure 
is  said  to  be  rather  below  that  of  the  atmosphere  ( —  3  to  —  5 
mm.,  mercury).  During  inspiration  the  minus  pressure  may  be- 
come much  less,  whilst,  on  the  other  hand,  it  is  only  by  very 
forced  expiration  that  it  ever  becomes  equal  to  or  at  all  above 
that  of  the  atmosphere. 
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This  ia  a  most  important  fact,  as  the  suction  considerably 
helps  the  flow  of  blood  from  the  veins,  and  also  the  current  of 
fluid  from  the  thoracic  duct  that  bears  the  chyle  from  the  intes- 
tines and  the  fluid  collected  from  the  tissue  draiuage  back  to  the 
blood. 

The  pressure  of  the  blood  ia  the  veins  may  then  be  said  to  be 
generally  nil,  since  the  veins  are  nowhere  over-tilled  with  blood. 
The  pressures,  on  the  other  band,  that  can  be  registered  and 
measured  depend  upon  forces  communicated  from  without, 
namely  :  (1)  gravity  ;  (2)  the  elastic  pressure  of  the  surrounding 
tissue;  and  (3)  iho  pressure  exerted  by  the  muscle  during  con- 
traction. This  pressure  is  increased  by  any  circumstance  which 
impedes  the  flow  of  blood  thruiigh  the  right  side  of  the  heart, 
through  any  large  vein,  or  through  the  pulmonary  circulation; 
but  when  no  abnormal  obstacle  exists  to  the  venous  blood -current, 
the  pressure  in  those  vessels  can  never  attain  any  great  height,  fur, 
as  we  have  seen,  the  large  trunks  are  constantly  being  emptied 
by  the  heart's  action. 

Most  circumstances  which  tend  to  lower  arterial  pressure  also 
tend  to  raise  the  pressure  in  the  veins,  so  that,  when  the  heart's 
action  is  weak,  or  its  mechanism  faulty,  the  venous  pressure  rises. 

In  the  veins  of  the  extremities  the  pressure  greatly  depends  oa 
the  position  of  the  limb,  as  it  varies  almost  directly  with  the  effect 
of  gravity. 

In  the  pulmonary  eireulaiion  the  direct  measurement  of  the  in- 
travascular pressure  is  rendered  extremely  difficult,  and  possibly 
erroneous,  by  the  fact  that  to  ascertain  it  the  thorax  has  to  be 
opened.  It  baa  been  found  in  the  pulmonary  artery  to  be  in  a 
dog  29.6  mm.,  iu  a  cat  17.6  mm.,  and  in  a  rabbit  12  mm.,  mercury. 

The  Arterial  Pulse. 
Each  systole  of  the  ventricle  sends  a  quantity  of  blood  into  the 
aorta,  and  thus  communicates  a  stroke  to  the  blood  in  that  vessel. 
The  incompressible  fluid  causes  the  tense  arterial  wall  to  distend 
still  further,  and  the  shock  to  the  column  of  blood  is  not  trans- 
mitted onward  directly  by  the  fluid,  but  causes  the  elastic  walla 
of  the  arteries  to  yield  locally,  and  thus  it  is  converted  into  a  wave 
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which  passes  rapidly  along  those  vessels.  This  motion  in  the  walls 
of  the  vessel  can  be  felt  wherever  the  artery  can  be  reached  by 
the  finger,  but  best — as  in  the  case  of  the  radial  and  temporal  ar- 
teries— where  the  vessel  is  superficial  and  ties  on  some  unyielding 
structure  such  as  bone. 

This  motion  of  the  vessel  wall  is  called  the  arterial  pulse.  It 
consists  of  a  siinultaueoiis  wideuiog  and  lengthening  of  the  artery. 
The  arteries  near  tho  heart  are  much  more  aflected  by  the  pulse 
wave  than  those  more  remote,  the  wave  becoming  fainter  and 
fainter  as  it  travels  along  the  branching  arteries.  In  the  smallest 
arteries  it  is  hardly  recognizable,  and  under  ordinary  circum- 
stances is  quite  absent  in  the  capillaries  and  veins. 

The  diminution  in  the  pulse- wave  in  the  smaller  arteries  chiefly 
depends  upon  the  fact  that  the  force  of  the  wave  is  used  up  in 
dietendiug  the  successive  part  of  the  arteries.  In  the  small  arte- 
ries the  extent  of  surface  to  which  the  pulse-wave  is  communicated 
is  enormous,  and  thereby  the  wave  is  much  decreased.  Moreover, 
it  is  probable  that  reflected  waves  pass  from  the  peripheral  end 
of  the  arterial  tree,  and  meeting  Ihe  pulae-wave  in  the  small  arte- 
ries  help  to  obliterate  it. 

The  pulse-wave  can  easily  be  shown  to  take  some  time  to  pass 
along  the  vessels.  Near  the  orifice  of  the  aorta  the  arterial  dis- 
tension occurs  practically  at  the  same  time  as  the  ventricular 
systole,  but  even  with  comparatively  rough  methods  the  radial 
pulse  can  be  observed  to  be  a  little  later  than  the  heartbeat. 
The  diSerence  of  time  between  the  pulite  in  the  facial  and  the 
dorsal  artery  of  the  foot  has  been  estimated  to  be  one-sixth  of  a 
second,  and  the  difference  iu  the  distance  of  these  vessels  from  the 
heart  is  about  1500  mm.,  so  that  the  rate  at  which  the  pulse-wave 
travels  is  nearly  10  metres  per  second.  The  velocity  of  the  wave 
is  said  to  be  regulated  by  the  degree  of  elasticity  in  the  walls  of 
the  vessels,  and  it  would  appear  to  be  quicker  iu  the  lower  than 
in  the  upper  extremity. 

The  time  that  the  wave  takes  to  pass  any  given  point  must  be 
equal  to  the  time  taken  to  produce  it,  that  is  to  say,  the  time  the 
ventricle  occupies  in  sending  a  new  charge  of  blood  into  the  aorta, 
which  is  about  one-third  of  a  second.     Knowing  the  rate  at  which 
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the  vfave  travels  (10  m.  per  sec.)  and  the  time  it  takes  to  pass 
any  given  point  (^  sec),  its  length  may  be  calculated  to  be  about 
three  metres,  or  about  twice  as  long  as  the  longest  artery.  Thus 
the  pulse  wave  reaches  the  most  distant  artery  in  one-sixth  of  a 
Becoud,  or  about  the  middle  of  the  ventricular  systole,  and  when 
the  wave  has  quite  passed  from  the  arch  of  the  aorta,  the  summit 
of  it  has  only  just  reached  the  arterioles. 

Numerous  instruments  have  been  invented  for  the  demonstration 
and  graphic  representation  of  the  pulse  in  the  human  being.  Of 
these  the  one  most  commonly  used  is  Marey's  Sphygmograph 

Fio.  139. 


Marey'n  Sphyginograjih. — The  frame  (b,  b,  b)  is  fastened  to  the  wrist  by 
(lie  8tra|js  at  B,  D,  and  the  rest  of  die  irutrument  lies  uii  the  forearm.  The 
end  of  the  screw  (v)  rcst«  on  the  spring  [r),  the  hulloii  uf  which  lies  on  the 
radinl  artery.  .\ny  motion  of  the  button  ut  K  ih  eoniiiiiiniL'ateti  to  V,  which 
moves  the  lever  (L)  up  and  down.  When  in  position,  the  hlackened  slip  of 
ffliuB  (r)  in  made  to  move  evenly  by  the  clockwork  (n)  so  that  the  writing 
point  draws  a  record  of  the  movements  of  the  lever. 


(Fig.  139),  by  means  of  which  a  graphic  record  of  the  pulse  is 
made,  in  the  fortn  of  a  tracing  of  a  series  of  elevations  and  depres- 
sions (Fig.  140).  The  elevations  correspond  to  the  onset  of  a 
wave,  and  the  depressions  to  its  departure,  or  to  the  temporary 
rise  and  fall  of  the  arterial  pressure,  In  the  falling  part  of  the 
curve  an  irregularity  caused  by  a  slight  second  wave  is  nearly 
always  seen.  This  is  called  the  dicrotic  wave.  Sometimes  there 
are  more  than  one  of  these  secondary  waves,  the  most  constant  of 
which  is  a  small  wave  preceding  the  dicrotic,  c&Wed  predierotie ; 
but  the  dicrotic  is  always  more  marked  than  any  other.     Several 


PUU8E  TRACINGS. 


waves  of  o^cilladon  cau  be  seen  as  a  gradually  decreasing  series 
ID  tracings  taken  from  elastic  tubes,  but  we  cannot  say  positively 
that  they  occur  in  the  arteries.  When  several  secondary  waves 
exist  in  the  pulse  curve,  the  smaller  ones  probably  depend  on 
oscillation  caus-ed  by  the  lever  of  the  instrument 

The  dicrotic  wave  does  not  depend  on  the  instrument,  because 
the  skilled  finger  laid  on  the  radial  artery  at  the  wrist  can  easily 
detect  it,  and  it  can  be  directly  seen  in  the  vessel  when  the  pul- 
sation in  the  arteries  is  visible,  or  when  a  jet  of  blood  escapes  from 
an  artery. 

When  a  new  charge  of  blood  is  shot  into  the  aorta  the  elastic 
wall  of  the  ve.s.«el  is  suddenly  stretched.  At  the  same  time  a 
shock  is  given  to  the  coluruu  of  blood,  and  the  fluid  next  the 
valves  i,s  moved  forwards  with  great  velocity.  Owing  to  its  in- 
ertia the  fluid  tends  to  pass  onwards  from  the  valves,  and  thus 

Fui.  140. 


Tracing  drawn  by  Marey's  Sphygmograpli.  The  siirftu.-e  moved  from 
riglit  lo  Iteft.  The  verticiil  upstrokes  show  ihe  |K.Tiod  when  tlie  shock  ia 
given  hy  lht<  systole  of  the  ventricle.  The  up|)er  wiivc  on  the  Jownstroke 
shown  wlien  the  IjIcxmI  has  ceascil  to  enter  the  iiorta.  Then  conies  tlie  di- 
crotic ileprejtsion  whicli  is  a  negative  w«ve  produced  hy  the  uioiiicnlnry 
l>:irUQ<>w  in  aortii,  and  the  dicrotic  elevation  caused  by  the  closure  of  the 
valves. 


allows  a  raomentary  fall  in  pressure,  which  is  at  once  followed  by 
the  reflux  of  (he  blood  and  the  forcible  closure  of  the  valves. 

The  first  crest  or  apex  of  the  pulse  curve  corresponds  to  the 
shock  given  by  the  systole,  and  is  greatly  exaggerated  by  the  in- 
ertia of  the  lever.  The  crest  of  the  predicrotic  wave  marks  the 
moment  when  the  blood  ceases  to  flow  from  the  ventricle,  and 
therefore  it  is  the  real  head  of  the  pulse  wave. 

The  dicrotic  wave  has  been  explained  as  (1)  a  wave  of  oscil- 

ae 
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lation,  or  (2)  a  wave  reflected  from  the  peripliery.  If  the  former, 
it  should  be  less  marked  than  the  predicrotic,  which  by  this  theory 
is  sail!  to  be  the  fir!»l  wave  of  oscillation,  for  each  succeeding  os- 
cillalioii  is  less  than  its  forerunner.  But,  as  already  mentioned, 
the  dicrotic  is  invariably  the  larger. 

There  arc  many  reasons  why  it  cannot  be  a  wave  of  reflection 
from  the  periphery  of  the  arterial  tree;  viz.:  1.  Its  curve  is  not 
nearer  the  primary  wave  when  the  peripheral  vessels  are  ap- 
proached. 2.  The  arterioles  which  form  the  jieripheral  resistance 
are  at  too  irregular  distances  to  >rive  one  definite  wave  of  reflec- 
tion. 3.  It  is  seen  in  the  spurting  of  an  artery  cut  off"  from  the 
periphery.  4.  It  increases  with  the  greater  elasticity  and  low  ten- 
sion, while  the  reflected  waves  diminish. 

The  dicrotic  notch  depends  upon  a  negative  wave  caused  by  the 
sudden  stop  of  inflow  and  the  momentary  reflux  of  blood  before 
the  valves  are  closed  ;  and  the  dicrotic  crest  is  no  doubt  produced 
by  the  closure  of  the  aortic  valve.",  at'  which  moment  the  sudden 
check  given  to  the  reflux  of  the  blood  column  causes  a  positive 
centrifugal  wave  to  follow  the  primary  wave  of  the  pulse. 

The  view  that  the  reflux  of  blood  and  the  closure  of  the  valves 
produce  the  dicrotic  wave  is  supportcil  by  the  fact  thai  thecoudi- 
tions  which  increase  the  dicrotism — viz.,  (1)  sharp,  strong  systole, 
(2)  low  tension,  and  (3)  perfect  resiliency — promote  the  recoil 
and  closure;  and,  on  the  other  hand,  the  conditions  which  di- 
minish the  dicrotic  wave  in  the  most  marked  degree,  are  (1)  in- 
eflicicucy  of  the  aortic  valves,  and  (2)  a  rigid  calcareous  condi- 
tion of  the  arteries. 

It  can  be  shown  by  means  of  an  elastic  tube,  fitted  with  a 
suitable  pump  and  sphygmographs,  that  when  iu  outlet  is  closed 
a  pogitive  wave  is  reflected  from  the  distal  end  buck  to  the  pump, 
and  when  it  is  open  a  negaliee  centripetal  wave  is  reflected.  This 
fact  assists  us  in  explaining  the  variations  in  the  character  of  the 
pulse  curve  of  the  radial  artery  where  the  equidistance  of  the 
derived  arterioles  enables  the  reflected  waves  to  have  considerable 
eflTect.  When  the  arterioles  are  constricted  (a  condition  corre- 
sponding to  the  closed  tube)  a  positive  wave  centripetal  is  re- 
flected and  is  added  to  the  pulse-wave  so  as  to  diminish  the  di- 
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erotic  notch,  and  give  the  curve  known  as  characteristic  of  "high 
tension  "  puige,  as  in  Hright's  disease.  (Fig.  141,  II.)  On  the 
other  hand,  when  the  arterioles  are  widely  dilated  ( correspond i up 
to  the  open  condition  of  the  tube)  a  negative  wave  is  reflected, 
and  is  tubtracted  from  the  force  of  tlie  pulse-wave  bo  as  to  exag- 
gerate the  dicrotic  notch,  and  give  the  tracing  characteristic  of 
the  "low  tension"  pulse  seen  in  fever,  etc.     (Fig.  141,  III.) 

The  mean  rate  of  the  pulse  varies  in  different  individuals, 
seventy-two  per  minute  being  a  fair  average  for  a  naiddle-aged 
adult.  It  varies  al«o  with  many  circumstances,  which  must  be 
borne  in  mind  in  taking  the  pulse  as  a  clinical  guide. 

Fio.  141. 


I.  Sclu'me  of  Normal  Pulite  Curve:  n.  Entrance  of  voiitriciibr  stream 
into  the  uurla.  the  lever  id  jerked  tuu  liigli  to  reach  * ;  iib  aUovi»  real  summit 
of  waves  ;  b,  point  at  which  stream  from  ventricle  ceases  i  c,  negative  wave 
catued  by  ( 1 )  siiiUien  ceKtuition  of  inflow  and  slight  reflux  of  bloud ;  tl,  point 
of  closure  of  uortiu  valves ;  <•,  jtositi  ve  wave  from  viilves  (dicrotic  wave).  The 
time  may  be  mciiMired  on  utwcissa  at  a'  b'  d'. 

II.  Scheme  of  High  Tension  PuUe  Curve:  A,  curve  of  radiul  pulse,  which 
is  the  resultant  of  pcailive  reflected  wave  c,  added  lo  the  primarv  curve  b. 

III.  Scheme  of  Low  Tension  Pulse  Curve:  A,  radial  pihe  curve,  which 
is  tlie  reBnltiint  of  the  nfguliie  reflec'tant  wave  c,  subtracted  from  tlie  primary 
waves.     ( After  Orashey.) 

1.  Age.  At  birth  it  is  about  140  per  minute,  and  is,  generally 
speaking,  quicker  in  young  than  in  old  people,  cocnmonly  falling 
to  60  in  aged  persons. 

2.  Sex.  It  is  more  rapid  in  females  than  in  males. 

3.  Ponition.  It  is  quicker  standing  than  lying,  particularly  if  a 
patient  who  has  been  lying  down,  stand  or  sit  up,  the  pulse  be- 
comes more  rapid. 
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4.  TTie  time  of  day.  It  gains  in  rapidity  in  the  morning  till  9 
o'clock,  and  in  the  cveoiDg  till  (>  u'clnck,  ami  falls  io  the  day- 
time, being  at  its  minimum  at  midnight. 

5.  Muscular  exercise  quickens  it. 

6.  It  is  quicker  during  in.opiration  than  expiration. 

7.  It  increases  with  increase  of  temperature. 

8.  It  is  variously  affected  by  emotion*. 

Velocity  of  the  Blood  Current. 

The  velocity  of  the  blood  must  not  be  confounded  with  the 
velocity  of  the  pulse  wave,  which  bears  to  it  the  same  relation  as 
the  surface  waves  on  a  river  do  to  the  rate  of  the  stream  of  water. 

It  has  already  l>eeu  mentioned  that  the  general  bed  of  the 
blood  increases  from  the  aorta  to  the  capillaries,  and  decreases 
from  the  capillaries  to  the  vena  cava,  on  account  of  the  branches 
or  tributaries  of  nearly  every  artery  or  vein  being  collectively 
of  larger  area  than  the  vessel  from  which  they  spring  or  to  which 
they  may  lead  ;  or,  in  other  words,  if  we  imagined  the  whole 
vascular  system  Aised  together  into  one  tube  it  would  form  two 
somewhat  irregular  cones,  one  corresiwnding  to  the  arteries  and 
the  other  to  the  veins,  with  their  I>asc8  placed  at  the  capillaries 
and  their  apices  at  the  heart.  Between  the  two  a  still  wider 
aggregate  would  represent  the  capillaries.  Compare  Fig.  128, 
p.  283. 

Since  the  same  quantity  of  blood  must  pass  through  each  sec- 
tion of  these  cones  in  a  given  time,  the  rate  at  which  it  flows  must 
vary  greatly  in  the  dilfereut  [rarts,  being  faster  in  proportion  as 
the  diameter  of  the  part  is  narrower,  in  accordance  with  the  well- 
known  physical  law  that  with  the  same  amount  of  liquid  flowing 
its  velocity  changes  inversely  with  the  diameter  of  the  lube. 
Thus,  the  mean  velocity  of  the  flow  in  the  arteries  becomes  slower 
and  slower  as  the  capillaries  are  approached,  and  in  the  wide  bed 
of  the  latter  the  rate  of  the  current  is  reduced  to  a  minimum.  In 
the  small  veins  the  rate  is  slower  than  in  the  larger  trunks,  but 
on  the  venous  side  its,  rapidity  never  reaches  that  of  the  aorta, 
where  it  may  be  said  to  move  at  least  twice  as  quickly  as  in  the 
vena  cava. 
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log  arteries  is  tltt  fiam  of  aa  iamaM  ofi«pi&ynoii»cMtat  «itfc 
the  beat  of  t^  arterial  poke.  The  Tariatioa  in  tlie  raw  of  the 
blood-flow  miMk  m  ciaied  by  the  heart-beat  liiiainwhiii  with  the 
force  of  the  palae  at  the  i— ll>r  arteries  are  appcoacbed,  and 
finally  oeaaee  ooapletdr  io  the  capillarieB,  wfaere  noder  ordiaaiy 
circnoiatanoes  the  flow  is  perfectly  oontioaoas.  In  the  first  part 
of  the  aorta  the  relodty  of  the  blood-flow  is  reduced  to  nil  after 
each  TeotricnUr  beat,  while  in  the  capillaries,  no  cfaaage  is  per- 
oeired.  Between  these  two  extremeg  all  gradations  may  be  found, 
which  follow  the  same  rules  as  the  polae. 

The  general  mean  velocitj  ranee  directlr  with  (he  blood  prea- 
sure,  which  bears  an  iorerse  relation  to  the  calibre  of  the  arteries, 
and  farther,  the  laean  velocity  in  any  one  artery,  and  its  branches, 
will  vary  with  the  diameter  of  the  vessels,  which  are  constantly 
undergoiag  local  changes  in  size. 

Generally  gpeakiog,  quick  heart-beats  cause  increase  in  velocity 
of  the  stream,  bat  no  definite  or  invariable  relation  exijt»  between 
the  two,  the  vaso-motor  iofluences  having,  no  doubt,  much  mora 
effect  than  the  heart-beat  on  the  rate  of  the  stream  in  the  smaller 
els. 
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In  looking  at  the  blood  pasaing  through  the  small  vessela  of  a 
trnnsparenl  tissue,  such  as  the  frog's  tongue  or  web,  it  appears 


Fio.  142. 


Sinull  portion  ol'  Krog's  \S'vb,  very  lii^lily  niagnifiwl.  (Huxley.) — A. 
Wall  of  capillary  vessels.  B.  Tis-we  lying  helwecn  live  capillaries,  c.  Kpi- 
tlieltal  cells  of  skin,  only  shown  in  part  of  specimen  where  the  Burfai*  is  in 
focus.  D.  Nuclei  of  epithelial  cells,  e.  Pigment  cells  contracted.  P.  Red 
oorposcles  (oval  in  tlie  frog),  o.  H.  Ked  corpuscles  squeezing  their  way 
through  a  iuutow  capillary,  showing  their  elasticity,    i.  White  blood  cells. 
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that  differeul  parts  of  the  coluino  of  fluid  move  with  difl'erent 
velocities.  Dowu  the  centre  of  the  stream  the  red  corpusclea  are 
seen  coursing  rajjidly,  white  between  the  central  part  and  the 
vessel  wall  on  each  side  a  pale  line  of  plasma  can  be  recogtiized, 
which  seems  to  flow  more  slewly  and  to  carry  with  it  only  a  few 
while  corpuscles. 

In  the  veins  the  velocity  varies  enormously  with  a  variety  of 
circumstances  which  have  little  or  no  effect  on  the  arterial  flow. 
Thus,  the  position  of  the  body  or  limb,  the  activity  of  the  neigh- 
boring muscles  and  the  respiratory  raoveraents  alter  it,  but  as  a 
general  rule  the  flow  in  the  veins  is  pretty  steady,  there  being  no 
pulsation  or  corresponding  variation  of  velocity.  In  the  large 
vessels  the  onward  (low  is  alfected  by  the  contraction  of  the  auri- 
cles. During  the  auricular  systole  the  veins  cannot  empty  them- 
selves, and  therefore  there  is  a  slight  check  to  the  onward  flow, 
and  the  velocity  ol'  the  current  is  accordingly  reduced.  In  cases 
where  the  auricles  are  dilated  and  distended  with  blood  this  may 
cause  a  definite  pulsation,  which  becomes  visible  iu  the  great  veins 
of  the  neck. 


Work  done  by  the  Heart. 

This  can  only  be  <letermined  when  the  mechanism  of  the  ves- 
sels is  understood.  The  amount  of  work  done  by  any  form  of 
engine  may  be  expressed  as  so  many  kilogramraetrea  per  hour. 
That  is  to  say,  tlie  numbers  of  kilogrammes  it  could  raise  to  the 
height  of  one  metre  in  that  time. 

The  left  ventricle  moves  with  each  systole  about  0.188  kilo- 
gramme of  fluid  against  an  arterial  pressure  corresponding  to 
3.20  metres  height  of  blood,  i.e.,  0.188  X  3.21  =0.604  kilogram- 
metres  for  each  systole.  This  at  75  per  minute  for  twenty-four 
hours  would  be — 

0.604  X  75  X  60  X  24  =  65,230  kilogrammetres. 

The  right  ventricle  does  about  one-third  as  much  work  as  the 
left,  making  a  total  of  86,970  kilogrammetres  for  the  ventricles, 
or,  in  other  words,  the  heart  of  a  man  weighing  twelve  stone  does 
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as  much  work  in  twenty-four  hours  as  would  be  required  to  lift 
his  body  1248  yards  into  the  air,  i.e.,  nearly  ten  times  as  high  as 
the  top  of  St.  Paul's  Cathedral. 

C^ONTROLLINQ   MECHANISMS   OF  THE   BLOODVESSELS. 

Vaso- Motor  Nervet. 

That  the  arteries  posseted,  as  well  as  elastic  resiliency,  vital 
contractility,  which  regulated  the  amount  of  blood  flowing  to  any 
given  part,  was  well  known  to  John  Hunter. 

The  muscle  cells  have  also  been  long  since  clearly  demonstrated 
in  the  iniddle  coats  of  the  arteries,  but  nothing  was  known  of  the 
nervous  channels  which  bore  the  stimulus  to  the  vessels,  or  the 
nerve  centres  which  regulated  their  contraction,  until  compara- 
tively recent  times. 

The  first  knowledge  concerning  special  nervous  arrangement* 
for  the  control  of  the  muscular  wall  of  the  vessel  was  given  to 
us  by  Claude  Bernard,  in  his  notable  experiment  of  cutting  the 
sympathetic  nerve  in  the  neck,  which  was  always  followed  by  an 
increase  iu  temperature  of  that  aide  of  the  head,  and  a  great  ex- 
pansion and  over-filling  of  the  arteries. 

It  was  further  observed  that  stimulation  of  the  superior  gan- 
glion of  the  sympathetic  brought  about  an  opposite  result,  namely, 
a  loss  of  temperature  and  contraction  of  the  vessels  on  the  same 
side  as  the  stimulus  was  applied.  If  the  stimulus  was  much 
increased,  the  vessels  contracted  much  more  than  the  normal 
amount,  but  on  cessation  of  the  stimulus  they  became  greatly 
dilated  above  the  normal  point  and  the  temperature  rose  again, 
but  after  a  time  the  efiect  of  the  stimulus  gra<luuliy  ])assed  ofi'. 
From  this  it  was  concluded  that  the  sympathetic  in  the  neck  con. 
veyed  to  the  muscles  in  the  bloodvessels  impulses  which  caused  a 
certain  amount  of  habitual  contraction  of  the  vessel  wall,  which, 
was  called  tonic  contraction,  corresponding  to  what  was  already 
recognized  as  arterial  tone.  When  the  nerve  was  divided  this 
tone  disapi)eared,  but  when  geutly  stimulated  it  reappeared,  and 
when  more  strongly  stimulated  an  exaggerated  contraction  set  iu 
causing  complete  occlusion  of  many  of  the  vessels. 
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Subsequent  experiraeuU  have  shown  that  all  the  vessels  of  the 
body  are  supplied  with  similar  vaso-rootor  nerves,  section  of 
which  destroys  their  tone,  while  their  stimulation  causes  contrac- 
tion of  ail  the  vessels  in  the  territory  presided  over  by  the  stimu- 
lated nerve. 

Experiment  has  also  shown  that  these  nerves  come  from  the 
ccrebro-spinal  axis,  passing  out  from  the  spinal  cord  as  "commu- 
nicating nerves,"  commonly  becoming  associated  with  the  sym- 
pathetic chain,  and  are  distributed  to  the  vessels  either  as  special 
nerves,  branches  of  the  sympathetic  (as  the  splanchnics),or  with 
the  general  peripheral  nerve  trunks. 

The  nerve  centre,  which  governs  the  vast  majority  of  the  va.so- 
molor  channels,  lies  in  the  upper  part  of  the  medulla  oblongata 
in  the  6oor  of  the  fourth  ventricle.  This  is  proved  by  two  facts: 
Ist,  most  of  the  braiu  may  be  removed  without  diminishing  the 
arterial  tone  ;  and  '2d,  if  the  spinal  cord  be  cut  below  the  medulla 
f artificial  respiration  of  course  being  kept  up)  the  mean  blood 
pressure  is  found  to  fall  immediately  almost  to  zero,  which  is  due 
to  the  relaxation  of  the  smaller  arteries  consequent  on  the  paral- 
ysis of  their  muscular  coat. 

The  same  can  be  seen  in  the  web  of  a  frog,  in  which  the  me- 
dulla has  been  destroyed  (pithed)  while  the  circulation  is  being 
studied.  The  small  arteries  dilate  and  the  pulse  becomes  apparent 
Id  the  capillariei'.  and  even  in  the  veins.  From  these  facts  it 
s  highly  probable  that  in  the  medulla  oblongata  a  vaao-moior 
re  exists,  which  regulates  the  contraction  of  all  the  vessels, 
and  keeps  them  constantly  more  or  less  contracted;  the  centre 
receiving  some  continuous  stimulatiou,  ivhich  results  in  a  slight 
general  vascular  constriction  or  arterial  tone.  The  existence  of 
such  a  centre  in  the  medulla,  and  of  nerve  channels  in  the  cord 
leading  from  such  a  centre,  is  made  certain  by  the  fact,  that  if  a 
gentle  stimulus  be  applied  to  a  certain  part  of  the  medulla,  or 
just  below  it,  simultaneous  general  vascular  constriction  sets  in, 
and  is  indicated  by  a  great  and  sudden  rise  in  the  blood  pressure. 

The  action  of  the  vaso-motor  centre  can  be  increased,  and 
thereby  the  tone  of  the  vessels  elevated,  and  the  pressure  raised, 
either  by  (1)  direct  or  (2)  reflex  excitation.     If  the  blood  flowing 
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Ihruugh  the  medulla  contains  too  little  oxygen  or  too  much  car- 
bonic anhydride,  it  stiniulatea  the  centre  directly  and  the  blood 
pressure  rises.  This  may  be  seen  by  temporarily  suspending 
artificial  respiration  during  an  exj)eriineut  on  bSood  pressure. 
Reflexly  the  activity  of  the  vaso-motor  centre  can  be  increased 
by  (1)  the  stimulation  of  any  large  sensory  nerve,  or  (2)  by  sud- 
den emotion  {/«^ar). 

SThe  tone  of  the  arteries  may  be  diminished  by  lessening  tbe 
activity  of  the  vaso-motor  centre  by  the  stimulation  of  a  peculiar 
JUULXXJLiLXJl^l  /l_i1JJ  J  Jl,  ^_JLJLXJULAJUULJIJUL, 

Kyiiiograiiliii"  iratring  !.liuwiii|^  ilii!  elloct  uu  (lie  bl»cii|.|ir<'ssiirc  curve  of 
Rliniulating  the  loiitral  end  of  tlit'  depressor  nerve  in  iJio  rabbit.  The  re- 
cording surface  moving  from  left  to  right. — (c)  Conimeiicenient  and  (o)  ces- 
sation of  (ilimulnlion.  There  is  conaiderablc  delay  (latency)  in  both  the 
protliiction  and  cessation  of  the  effect,  (t)  Markii  the  rate  at  which  the 
rciiording  surface  ruovc«,  and  the  line  below  is  the  boM  line.     (Foster.) 

rabbit,  and  piubahly  has  its  analogue  in  man,  and  which  passes 
from  the  inner  surface  of  the  heart  to  llie  medulla.  The  effect 
of  stiiiiuliilioi)  of  this  nerve  in  lowering  ibc  pressure  is  so  great 
that  it  has  been  called  the  depressor  nerve.  Some  emotions  (u/iame) 
may  also  reduce  tbe  activity  of  the  centre,  as  is  seen  in  blushing, 
which  is  simply  dilatation  of  the  facial  vessels. 
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Besides  this  chief  vaso-inotor  centre  it  le  [>rob»ble  that  in  llic 
higher  animals,  as  certainty  is  the  case  in  the  frog,  other  centres 
are  distributed  throughout  tiie  spinal  cord,  which  ssem  to  be  able 
to  take  the  place  of  the  great  pritnary  centre.  For  after  the 
spinal  cord  has  been  cut  high  up,  the  hinder  exlremilies  more  or 
less  recover  their  vaso-motor  power  in  a  few  days,  and  destruction 
of  the  lower  part  of  the  spinal  cord  causes  renewed  vaao-motor 
paralysis.  In  frogs  this  is  very  well  marked,  the  centres  being 
less  confined  to  the  medulla  than  is  the  case  in  the  more  highly 
orgaDiised  animals. 

During  recent  times  numerous  investigations  on  the  subject  of 
vaso-motor  nerves  have,  no  doubt,  thrown  much  light  on  the 
subject,  but  these  inquiries  have  not  made  the  nerve  mechanism 
by  which  the  various  vascular  areas  are  governed  so  clear  or  so 
obvious  as  might  be  wished. 

In  order  to  explain  and  reconcile  the  various  experimental 
truths  on  this  subject  (too  numerous  to  be  raentioued  here),  we 
must  suppose  that  the  vaso-motor  nerve  mechanisms  are  very 
complex.  The  supposition  of  some  such  arrangements  as  the 
following  may  help  to  simplify  the  matter  in  some  degree  to  the 
student. 

1.  The  bloodvessels  have  muscular  elements  which,  though 
commonly  controlled  by  nerves,  are  capable  of  automatic  activity. 
A  free  supply  of  arterial  blood  is  a  sufficient  stimulus  for  their 
moderate  action,  and  mechanical  or  other  stimulus  is  capable  of 
exciting  increased  constriction.  We  know  that  such  automatic 
contractile  elements  exist  in  some  of  the  lower  animals  (suail's 
heart,  hydra,  etc.),  and  we  have  no  reason  to  doubt  their  exist- 
ence in  mammals.  Moreover,  such  a  hypothesis  obviates  the 
necessity  <tf  supposing  that  local  nerve  elements  exist,  which  we 
cannot  recognize  morphologically. 

2.  In  the  medulla  oblongata  (in  close  relation  to  the  centres 
governing  the  respiratory,  cardiac,  intestinal,  and  other  move- 
ments subservient  to  the  vegetative  part  of  the  economy)  there 
exist  nerve  centres  which  constantly  exert  an  important  influence 
over  the  activity  of  the  vessel  muscles.  These  groups  of  nerve 
cells,  called  the  v<uo^molor  eenlret,  are  intimately  connected  with 
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the  centre*  which  preside  over  the  functional  activity  of  various 
organs  and  parts,  and  are  also  closely  related  to  the  nerves  com- 
ing from  all  parts  of  the  circulatory  apparatus.  From  these 
centre-s  impulses  of  two  distinct  kinds  may  emanate,  the  one  in- 
creasing the  action  of  the  contractile  elements,  and  the  other 
iuhiliiting  it. 

3.  Direct  communication  hetween  this  vaso-motar  centre  and  the 
contractile  elements  in  the  middle  coat  of  the  hloodvessels  is  kept 
up  by  means  of  efferent  nerve  clmunels  of  diflerent  sorts,  some 
bearing  stimulating  (vaso-cotistrictor)  others  inhibitory  (vaso- 
dilator) impulses,  these  being  conveyed  by  nerve  fibres  which  run 
side  by  side  in  the  same  nerve  cord. 

4.  The  activity  of  the  contractile  elements  of  any  given  vascu- 
lar area  may  be  altered  by  impulses  arising  from  diSereut  sources, 
(a.)  Local  influences  under  ordinary  circumstances  are  brought 
but  little  into  play,  but,  if  cut  off  from  the  nervous  centres,  are 
capable  of  coutrolling  the  local  blood  supply  by  changing  the 
degree  of  arterial  constriction,  (/i. )  Central  influences  from  the 
medulla,  are  habitually  in  action,  aflecting  all  the  vessels  and 
keeping  up  the  vascular  tone.  These  impulses  are  variously  modi- 
fied by  changes  occurring  in  distant  parts  of  the  circulatory  appa- 
ratus, and  can  be  regarded  as  a  general  regulating  mechanism. 
They  probably  pass  through  the  sympathetic  chain,  (7.)  Special 
influences,  which  are  associated  with  the  functions  of  the  diflerent 
parts  and  organs,  are  only  called  into  operation  during  the  per- 
fonnauce  of  the  function,  whatever  it  may  be.  These  impulses 
probably  are  conveyed  by  the  same  nerves  as  excite  the  various 
forms  of  functional  activity,  namely,  ordinary  peripheral  nerves. 

These  three  sets  of  influences  are  variously  brought  about  in 
diflerent  parts,  and  thus  we  6nd  that  section  or  stiraulatiou  of 
the  different  nerves  gives  vaso-motor  effects  which  appear  contra- 
dictory. 

Section  of  a  sensory  nerve  causes  temporary  vaso-motor  paraly- 
sis, owing  to  the  tonic  coustrictor  influence  being  cut  ofi".  Stimu- 
lation of  the  peripheral  stump  causes  vaso-coustriction  from 
excitation  of  the  same  fibres. 

The  stimulation  of  a  motor  nerve-fibre  causes  an  increase  in  the 
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flow  of  blood,  or  in  other  words,  h  asaociHted  with  a  vaso-dilalor 
efTect,  probably  depeadeot  od  the  iohibitorj  efiect  of  certain  ceDtri- 
fugal  fibres  which  control  the  local  ageociea. 

Thus  we  must  suppose  that  there  exist  local  agents  under  the 
coDtrol  of  the  medullary  centres,  aud  that  there  are  two  distiuct 
efferent  and  afferent  sets  of' exciting  and  inhibitory  fibres  passing 
between  the  ceutre  and  periphery,  along  two  perfectly  distiuct 
routes;  one  being  in  the  direct  track  of  the  ordiuary  functional 
nerve  of  the  part,  the  other  being  in  the  sympathetic,  which  to 
a  great  extent  runs  along  the  veBseb  themselves,  and  forma  most 
intricate  networks  capable  of  carrying  impulses  in  all  imaginable 
directions. 


CHAPTER  XVIII. 
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In  its  couree  through  the  circulation  the  blood  uodergoes  a 
wries  of  necessary  modificatious.  The  condition  of  the  fluid  is 
thus  coustnntly  beinj;  altered  as  it  passes  from  one  part  and  organ 
to  aiiutlier. 

It  has  already  been  seen  that  a  quantity  of  nutrient  material 
is  taken  up  by  the  hlood  on  its  way  through  the  capillaries  of  the 
alitiicntary  tract.  Furtlier,  a  streum  of  lymph  and  chyle  is  con- 
slautly  pouring  into  the  great  venous  trunks,  so  tiiat  from  two 
sources  the  bhxid  is  gteadily  increased  in  quantity.  But  the  most 
urgently  essential  a<hlition  to  the  circulatory  fluid  is  that  which 
it  receives  iu  the  capillaries  of  the  lutigs.  All  the  blood  passes 
through  these  organs,  in  order  that  the  changes  taking  place  in 
the  general  systemic  capillaries  may  be  counteracted  in  the  lungs. 
These  gas  interchanges  will  lorm  the  subject-matter  of  the  present 
chapter ;  and  the  more  special  modifications  which  the  blood 
undergoes  iu  the  ductless  glands,  the  spleen,  the  liver,  etc.,  as  well 
as  iu  the  kidneys  and  other  excretory  glands,  will  pe  considered 
in  subsequent  chapters. 

Ab  has  already  been  pointed  out  (Chapter  V.),  an  animal 
during  its  life  may  be  said  to  use  the  substances  supplied  to  it  in 
food  as  fuel,  and  thu.s  to  acquire  the  energy  which  is  hound  up 
in  them,  for  the  activities  of  the  various  tissues  are  really  com- 
bustions, being  invariably  associated  with  an  oxidation  of  sonic 
of  the  carbon  compounds,  so  as  to  produce  carbou  dioxide  and 
water.  In  order  that  the  structures  may  undergo  this  change 
they  must  have  a  ready  supply  of  oxygen  constautly  at  hand, 
and  moreover  the  carbon  dioxide  which  is  formed  in  the  process 
must  be  removed,  or  further  cotiiUustiou  would  be  frustrated.  A 
regular  income  of  oxygen  and  a  regular  output  of  carbon  dioxide 
are  then  essential  to  life ;  hence  we  find  in  almost  all  animals 
special  arrangements  by  means  of  which  these  ga-ses  can  find  their 
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way  to  and  from  the  tissues  and  external  air  respectively.  These 
gas  interchanges  form  the  very  important  function  of  Respiration. 

Here,  as  in  the  case  of  the  nutritive  materials,  the  blood  acta 
a8  the  carrier  between  the  tissues  ami  the  outer  world.  The  pul- 
tnonary  half  of  the  circulation  is  devoted  to  the  gas  interchatsge 
between  the  blood  and  the  atmosphere,  and  is  sometimes  .apoken 
of  as  exlernal  rcapiraiion.  The  gas  interchange  between  the  blood 
and  the  tissues  goes  on  in  the  general  systemic  capillaries,  and 
has  therefore  been  spoken  of  as  the  inlenial  or  tissue  renpiralion. 

The  special  arrangement  for  the  taking  up  of  oxygen  from  the 
air,  and  for  the  giving  up  of  carbonic  anhydride  to  the  air  is 
named  the  pulmonary  apparatus.  In  mammalia  this  is  so  far  per- 
fected thai  all  the  neces.«ary  gas  inteiohauge  can  he  carried  on 
by  the  lungs,  and  the  rcsjiiratory  influence  of  the  cxteriml  skin 
or  the  mucous  passages  may  be  regarded  as  insignificutit.  But  it 
should  be  remembered  that  whenever  the  blood  is  in  close  rela- 
tion to  oxygen,  as  in  the  case  of  swallowed  air,  the  oxygen  is  soon 
absorbed  by  the  bl<Ki<l. 

Id  the  lower  animals  the  cutaneous  surface  aids  very  materially 
in  rwpiratiou,  and  thus  frogs  ciin  live  from  this  culuneous  respi- 
ration alouf  for  an  almosst  iudeliuite  time. 

In  the  lungs  the  change  consists  in  oxygen  being  taken  from 
the  atmospheric*  air  by  the  blood  and  carbonic  anhydride  being 
given  off  from  the  blood  to  the  air.  In  the  cnpillarits,  on  the 
other  hand,  the  blood  takes  the  carbonic  anhydride  from  the  tis- 
sues, and  yiehls  to  them  a  great  portion  of  its  oxygen. 

In  the  lowest  class  of  animals  (e.rf.,  amoeba)  we  find  no  special 
organs  for  the  purpose  of  respiration,  the  gas  interchange  being 
Kufficiently  provided  for  by  the  exposure  of  the  general  surface 
of  their  bodies  to  the  medium  in  which  they  live,  namely,  water. 

Other  animals  have  some  special  apparatus  fur  the  purpose  of 

respiration.   This  apparatus  has  always  the  same  essential  object, 

• ' 

*  The  coiupoiiition  of  the  atraO!<E)liere  is  everywhere  remarkably  oon^itant, 
in  spite  of  it«  oxygen  being  ufted  up  by  living  beings.     It  consists  of — 

Oxygen 21  vols. 

Nitrogen, 79    " 

MoiKtiirc  (varialilc), 8  per  cent. 

Carbonic  ncid  gas  (also  variable),         ,        ,       M      " 
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that  of  exposing  their  tiseues  to  a  medium  contniuing  oxygen,  and 
of  removing  the  carbonic  acid  gas. 

In  8ome  of  the  invertebrate  animals  it  suffices  to  distribute  the 
medium  containing  oxygen  throughout  the  tissues  of  the  animal 
by  means  of  lubes.  Thus  in  the  Echinodermata  a  water  vascular 
system  exists  which  seems  to  carry  on  the  function  of  respiration. 
A  simitar  distribution  of  oxygen  takes  place  in  arthropoda,  deli- 
cately branching  open  tubes  (trachese)  distribute  air  to  the  tissues 
of  the  animars  body. 

When  more  active  changes  occur  in  the  tissues  there  is  always 
a  i)erfecl  blooti  vascular  system,  and  the  blood  is  invariably  used 
as  the  distributing  and  collecting  agent  of  the  gases  in  the  tissues, 
and  by  flowing  through  some  special  organ  exposed  to  the  sur- 
rounding medium  it  insures  the  gas-interchange  between  the  body 

and  the  outer  world.  ITiese  organs 
are  formed  on  two  general  types:  (1) 
external  vascular  fringes ;  and  (2) 
internal  vascular  sacs. 

Animals  living  in  water  have  com- 
monly the  external  fringe  arrange- 
ment (gills),  whilst  those  living  in 
air  have  sacs  (lungs).  Some  animals 
(frogs,  toads,  etc.)  have  gills  in  the 
early  stages  of  their  life  and  lungs 
when  they  are  more  fully  develi>|>ed. 
In  frogs  and  serpents  the  lungs  are 
simple  sacs,  with  the  inner  surface 
increased  by  foldsof  the  lining  niera- 
braue,  which  gives  it  a  honey-comb 
appeurance;  into  each  sac  0{>en8  one 
of  the  divisions  of  the  air-tube.  In 
crocodiles  the  air-tubes  divide  into 
several  branches  which  open  into  a 
series  of  anfractuous  vascular  re- 
cesses which  communicate  one  with 
another. 

Id    birds    wide    bronchial   tubes 
surge  through  the  lung  tissue  to  reach  large  air  cavities,  and 


Diagram  of  the  Respiratory 
Organs.  The  windpipe  leading 
down  from  tlie  larynx  is  seen 
tn  brunch  into  (wo  lurge  bron- 
chi, wliicb  subdivide  after  lliey 
enter  their  resjjective  lungs. 
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their  walls  are  studded  witb  the  openings  of  innumerable  air  cells, 
there  being,  however,  no  termtnal  vascular  air  cavities  as  in  the 
mammalian  lung. 

Tbo  respiratory  apparatus  of  mammals  consists  of  (1)  vascular 
sacs  filled  with  air,  kiiown  as  the  lung  alveoli;  (2)  cbanDcts  by 
which  these  sacs  are  ventilated — the  air-passages ;  (3)  motor  ar- 
rangements, which  carry  on  tbe  ventilation  of  the  lungs — the 
thorax. 

1.  The  hmgs  are  made  up  of  innumerable  minute  cavities 
(alveoli ),  with  thin  septa  springing  from  the  inucr  surface  so  as 

Fio.  145. 


Septiun  of  small  portion  of  Lung  in  which  lire  seen  a  bronchial  tiilie  wilh 
its  plicHted  lining  tiiiieous  menibraiie  in  the  centre,  and  the  large  blood- 
vessels at  the  stJes  cut  across.  Luoee  ureolar  tisaue  und  ntimerous  lym|ihnticii 
surround  tbe  large  vessels  and  separate  them  from  the  lung  tissue. 

to  divide  the  space  into  several  compartments  or  air-cells.  Each 
of  these  cavities  forms  a  dilatation  on  the  terminal  twig  of  a 
branching  bronchus,  and  may  be  regarded  as  an  elementary  lung. 
The  aggregate  of  these  cavities,  and  the  branches  of  the  air- pas- 
sages and  vessels  distributed  to  them  make  up  the  structure  of  the 
lung. 

The  walls  of  the  cavities  are  formed  chiefly  of  fine  elastic  fibres, 
and  the  surface  is  lined  with  exceptionally  delicate  and  thin  celled 
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epithelium.  Supported  in  the  delicate  frame-work  of  elastic  and 
counective  tissue  is  the  remarkably  close-set  mesh  work  of  capilla- 
ries, in  which  thf  blood  is  exposed  to  the  air.  The  delicate  wall 
of  the  vessel,  and  thin  body  of  the  epithelial  lining  cell  are  the 
only  structures  interposed  between  the  blood  and  the  air. 

2.  The  a!r-paMa</cji  are  kept  permanently  open  during  ordinary 
breathing  by  the  elasticity  of  more  or  less  rigid  tissues.  The 
trachea  and  bronchi  have  special  cartilaginous  springs  for  the 

Fia.  146. 


Muaelei  of  Lu-^rnx,  viewed  from  above. —  Th.  Thyroid  cartilage.  Or. 
Cricoid  carlilage.  V.  Edges  of  the  vocal  cordg.  Ary.  Arytenoid  cartilages. 
TA.  A.  Thyroarytenoid  muscle.  C.n.l.  Lateral  crico-arytenoid  maicle. 
C.  n.  p.  Posterior  cricoarytenoid  mtiscle.    Ar.  p.  Posterior  arytenoid  muscle. 

purpose.  These  are  closely  attached  to  the  fibro-elastio  tissues 
which  complete  the  general  foundation  of  the  walls  of  the  tubes. 
The  air-passages  are  throughout  lined  with  ciliated  cylindrical 
epithelium,  which  at  the  entrance  to  the  infundibula,  loses  its 
cilia,  and  forms  but  a  single  layer  of  flattened  cells. 

The  air-passages  are  supplied  with  muscle  tissue  of  different 
kinds.  Besides  the  ordinary  striated  muscles  that  control  the 
opening  of  the  anterior  and  posterior  nares  and  pharynx,  a  special 
set  surrounds  the  upper  part  of  the  larynx,  and  is  capable  of 
completely  closing  the  glottis,  and  thus  shutting  off  the  lung  c&v- 
ties  and  proper  air-passages  from  the  outer  air.     (  F,  Fig.  146.) 
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Id  the  trachea  a  special  muscle  exists  which  can  narrow  the 
Fio.  147. 


Transverse  section  of  part  of  the  wall  of  a  roediimi-sized  branch  in)  tube. 
X  30.  (F.  E.  Scbultxc.) — a.  Fibrous  layer  conl.tining  plates  of  cartilage, 
glands,  etc.  b.  Coiil  coiii])o$ied  of  unatriated  muscle,  r..  Elastic  sub-epithe- 
lial lajer.    d.  Columnikr  ciliated  epithelium. 


Fio.  148. 


e    b    a 


mm 


Section  of  a  portion  of  Lung  Tissue,  showing  part  of  a  very  small  bronchus 
cat  across.  (F.  E.  Schultze.) — a.  Fibrous  layer  containing  bloodvessels,  b. 
Layer  of  unRtrinted  muscle,  i".  Ijiyer  of  clastic  fibres,  d.  Ciliated  epithe- 
lium. 
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windpipe   by  approximating  the  extremities   of    the  C-shaped 

springs  tliat  normally  preserve  its  patency. 

In  the  broneliittl  tube-s  a  large  quantity  of  smooth  muscle  cells 

exist,  for  the  most  part  being  arranged  as  a  circular  coat,  which 

is  best  developed  in  the  small  tubes  (Fig.  148,  b).     As  we  pass 

from  the  large  to  the  smaller  bronchi  the  walls  become  thinner 
and  less  rigid,  and  the  cartilaginous  plates 
and  fibrous  tis-sue  gradually  diminish,  while 
on  the  other  hand  the  muscular  and  elastic 
elements  become  relatively  more  abundant. 
The  external  surface  of  the  lungs  is  com- 
pletely invented  by  a  serous  membrane — 
the  pleura,  which  is  reHected  to  the  wall  of 
the  thorax  from  Iht  roots  of  the  lungs,  and 
completely  lines  the  pleural  cavity  in  which 
they  lie.  Thus  the  lungs  are  only  attached 
to  the  thorax  where  the  air-passages  and 
great  vessels  enter,  the  rest  of  their  surface 
being  able  to  move  over  the  inner  surface 
of  the  thorax,  and  to  retract  from  the  chest 
wall  if  air  be  admitted  into  the  pleural  sac. 
3.  The  thorax,  in  which  the  lungs  are 
placed,  is  a  bony  framework,  the  dimen- 
»i<ins  of  which  can  be  altered  by  the  muscles 
whifh  close  in  and  complete  the  cavity. 

The  framework  is  a  rounded  blunt  cone 
composed  of  a  set  of  bony  hoops — the  ribs, 
attached  by  joints  to  a  bent  pliable  pillar — 
the  vertebral  column,  and  held  together  in 
front  by  the  sternum,  to  which  they  are 
attached  by  resilient  cartilaginous  springs. 
The  ribs  slope  downwards  and  forwards, 
and  are  more  or  less  twisted  on  themselvoa 
about  the  middle  of  the  shaft. 

The  first  pair  of  ribs,  which  encircles  the 

apex  of  the  thoracic  cone,  forms  part  of  a  short,  flattened  hoop. 

It  slopes  downwards  in  front  to  reach  the  sternum.     Each  suc- 


Drawing  of  llic  liit- 
eral  view  of  Ttiorux  in 
the  position  of  gentle 
inspiration,  .showing 
the  downward  slope  of 
the  ribs. 
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ceeditig  ril)  from  above  downwards  increases  in  length,  in  the 
amount  of  its  slope  downwards  and  forwards,  and  iu  the  obliijuity 
of  its  shaft. 

The  floor  of  the  thorax  is  formed  by  a  dome-shaped  muscle — 
the  diaphragm,  which  bulges  with  its  convex  side  into  the  cavity, 
and  separates  the  thoracic  from  the  abdominal  viscera.  The 
tipper  outlet  is  closed  around  ibe  trachea  by  several  muscles, 
which  pass  obliquely  upwards  from  the  first  rib  to  the  cervical 
vertebrae,  and  hold  the  upper  part  of  the  thorax  in  position. 
These  muscles  can  also  elevate  as  well  as  fix  the  first  rib,  as  will 
be  seen  when  speaking  of  the  muscles  iu  detail.  The  iutervals 
between  the  ribs  are  filled  up  by  two  sets  of  muscle  fibres,  which 
cross  one  another  at  right  angles,  and  are  attached  to  the  margins 
of  the  neighboring  ribs. 

The  base  of  the  thorax  is  connected  by  a  number  of  strong 
muscles  with  the  pelvis  and  the  spine,  whence  they  pass  upwards 
to  the  lower  ribs.  The  anterior  muscles  pull  down  the  eteruura 
and  anterior  part  of  the  ribs.  The  ]K)sterior  fix  and  extend  the 
last  rib. 

From  a  mechanical  pftint  of  view  the  thorax  may  be  regarded 
as  a  specially  arranged  bellows,  the  dimensions  of  which  may  be 
increased  in  al!  directions. 

Within  the  framework  of  the  bellows  is  an  elastic  bag,  with 
the  interior  of  which  the  outer  air  communicates  by  an  air-pipe, 
which  is  the  only  pa.ssage  between  the  atmosphere  and  the  in- 
terior of  the  bellows.  When  the  framework  eularges  its  capacity 
the  pressure  of  the  atmosphero  pushes  a  stream  of  air  into  the 
elastic  sac  so  as  to  distend  it,  and  thus  fill  the  space  caused  by 
the  expansion  of  the  framework. 

By  the  motions  of  the  framework  a  stream  of  air  passes  in  or 
out  of  the  sac ;  a  small  quantity  of  the  air  contained  iu  the  lungs 
is  thus  changed  at  each  breath,  and  a  certain  standard  of  purity 
kept  up. 

Iu  order  to  fully  understand  the  motions  by  which  the  thorax 
is  enlarged,  much  more  detailed  knowledge  of  the  anatomy  of  the 
bony  case  and  its  muscles  must  be  gained  than  can  possibly  be 
given  here. 


J 


326  MANUAl,  OF   PHYSIOLOGY. 


Thoracic  Movements. 


Physiologically,  the  motions  are  divided  into  two  sets — (1) 
those  which  enlarge  the  thoracic  cavity,  and  cause  the  air  to  rush 
into  the  luugs,  called  inspiration;  and  (2)  those  which  diminish 
the  size  of  the  thorax  and  force  out  the  air,  called  expiration. 

No  action  of  life  is  more  familiar  than  the  rliythmicul  move- 
ments of  respiration.  The  slow  quiet  rise  and  fall  of  the  chest 
and  ahduroen  are  the  signs  most  commonly  sought  as  indicative 
of  life ;  for  every  one  knows  that  constant  ventilation  must  go 
on  in  order  that  the  blood  may  readily  obtain  the  necessary 
amount  of  oxygen,  and  get  rid  of  the  carbonic  acid  gas,  the  or- 
dinary difiusion  that  takes  place  in  the  motionless  chest  being 
quite  insufficient  to  remove  the  heavy  carbouic  acid  gas  from  the 
lungs. 

The  rhythm  of  the  respiratory  movemeuts  may  be  represented 
graphically  in  many  ways,  by  recording  either  the  changes  in  the 
diameter  or  circurafereuce  of  the  thorax,  or  by  the  variations  of 
the  pressure  in  the  air-passages.  These  methods  more  or  less 
correspond,  and  give  curves  of  somewhat  the  same  character. 

The  respiratory  movements  are  up  to  a  certain  point  under  vol- 
untary control,  and  may  be  varied  by  the  will,  or  stopped  as  when 
one  holds  one's  breath. 

The  voluntary  control  of  the  respiratory  movements  is,  how- 
ever, limited;  for,  if  we  hold  our  breath  for  any  length  of  time, 
a  moment  soon  arrives  when  the  "  necessity  of  respiration  "  over- 
comes the  stroll gfst  will.  The  usual  respiratory  movements  are 
carried  on  without  our  being  conscious  of  them,  and  are,  there- 
fore, properly  involuntary. 

The  rate  of  the  respiratory  movements  varies  according  to  cir- 
cumstances, being  in  an  adult  man  about  18  per  minute;  in  most 
of  the  lower  animals  it  is  much  more  rapid.  It  varies  with  age, 
being  very  rapid  at  birth,  decreasing  slowly  to  about  30,  and 
slightly  rising  towards  old  age.  The  followiug  table  (Quetelet) 
illustrates  this : 


Muscular  exercise  increases  the  rapidity  of  the  respiratory 
movementi',  aud,  consequently,  the  efibrt  of  standing  produces  a 
more  frequent  respiration  than  is  found  in  the  recumbent  posture. 
Emotioos  variously  affect  the  rate  and  rhythm  of  the  inspiration 
and  expiration  (e.g.,  sighing) ;  and,  finally,  morbid  conditions, 
implicating  the  lungs,  usually  cause  a  greater  frequency  of  respi- 
ration, sotaetimes  attaining  a  rate  of  as  many  aa  60-70  respira- 
tions per  minute. 

The  thorax  is  enlarged  in  all  directions  during  iuspiration,  the 
motion  being  usually  referred  to  the  vertical,  transverse,  and  an- 
tero-posterior  diameters  respectively. 

The  vertical  diameter  is  increased  by  the  descent  of  the  lateral 
parts  of  the  diaphragm,  and  the  slight  elevation  of  the  parts  about 
the  apex. 

The  lateral  diameter  is  widened  by  the  side-droop  of  the  ribs 
being  lessened  ;  each  rib  is  rotated  upon  the  line  uniting  its  ex- 
tremities, aud  at  the  same  time  is  moved  upward  aud  outward. 

The  antero-posterior  diameter  is  enlarged  by  the  general  eleva- 
tion of  the  ribs  and  sternum,  the  anterior  extremities  of  the  ribs, 
being  drawn  up  from  their  general  downward  incline,  push  the 
sternum  forwards. 

The  movements  of  the  diaphragm  depress  the  abdominal  vis- 
cera lying  beneath  it,  and  thereby  distend  the  elastic  abdominal 
wall  and  compress  the  gases  contained  in  the  intestines.  Thus, 
the  diaphragmatic  movements  cause  a  rhythmical  heaving  of  the 
abdomen.  Respiration  depending  chiefly  on  the  action  of  this 
one  muscle,  is,  therefore,  spoken  of  as  abdominal  retpiraUion.  On 
the  other  hand,  when  the  ribs  are  the  chief  cause  of  expansion  of 
the  upper  parts  of  the  chest,  it  is  called  ihoraeie  or  eotial  retpirofion. 

These  two  types  of  respiratory  movements  may  be  imitated 
voluntarily,  and  are  variously  combined  iu  different  individuab 
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during  ordioarj  respiration,  and  in  the  same  iudividual  under 
diflfereut  circumstances. 

In  men  the  general  character  of  the  ordinary  quiet  respiration 
is  abdominal,  the  movement  of  the  thorax  being  iusignifieant  in 
comparison  with  that  of  the  abdomen. 

In  women  the  reverse  is  the  case,  the  abdominal  movements 
are  slight  when  compared  with  those  of  the  upiwr  purt  of  the 
thorax  This  difference  is  only  well  marked  during  quiet  uncon- 
scious breathing ;  any  forced  or  voluntary  respiratory  effort 
changes  the  typical  character  of  man's  breathing,  and  the  costal 
movements  become  more  prominent.  In  a  forced  deep  inspira- 
tion the  upper  part  of  the  chest  shows  the  greatest  increase  in 
the  antero-posterior  diameter  in  both  sexes. 

This  difference  in  type  between  male  and  female  respiratory 
movements  has  been  ascribed  to  different  causes.  The  most  com- 
mon of  these  is  the  change  brought  about  by  the  costume  ordi- 
narily adopted  by  females.  This  can  hardly  be  an  adequate 
explanation  of  the  phenomenon,  for  we  find  the  same  type  exist- 
ing when  the  tight  garments  are  removed,  and  it  is  apparent  in 
tliose  who  have  never  been  constricted  by  tight  clothing,  and 
even  in  cases  where  no  clothing  at  all  has  been  used,  as  amongst 
the  inhabitants  uf  hot  countries ;  so  that,  though  the  corset  may 
induce  an  exaggeration  of  the  costal  respiration,  by  constricting 
the  lower  ribs  and  interfering  with  the  action  of  the  diaphragm, 
it  wouhl  not  seem  sufficiently  to  account  for  the  normal  physio- 
logical costal  type  of  breathing  found  in  women. 

The  occasional  distension  of  the  abdomen  during  pregnancy 
has  also  been  assigned  as  a  cause  of  the  female  type  of  breathing. 
That  this  type  of  breathing  should  be  transmitted  from  our  female 
ancestors  is  possible,  but  it  is  very  unlikely  that  pregnancy  is  the 
sole  agency  in  producing  it,  since  in  childhood  the  costal  type  is 
marked  in  both  sexes.  It  is  probable  that  the  abdominal  breath- 
ing of  the  male  is  also  acquired  and  increased  by  hereditary 
transmission,  and  is  really  due  to  the  gradual  increase  in  the 
development  of  the  muscles  of  the  upper  extremity  in  males, 
causing  a  greater  fixedness  of  the  upper  ribs  from  which  they 
take  origin. 


Inspikatohy  Muscles. 

The  act  of  inspiration  is  not  performed  by  any  single  muscle; 
indeed,  even  the  most  gentle  and  quiet  respiration  requires  the 
coordinated  action  of  many  sets  of  muscles.  Most  of  these  mus- 
cles have  other  duties  to  (lerform  besides  helping  to  produce  res- 
piratory movements. 

Fio.  150. 


Dingram  of  a  section  made  vertically  from  aide  to  side  through  the  tho- 
racic and  part  of  the  nMuminal  cavilics  to  show  the  position  of  the  dia- 
phragm, which  is  iiidiojited  liy  the  dark  line  (i)  n)  placed  on  the  partti  of 
the  muscle  that  descend  in  inspiration. — p.  Pericardial  cavity.  L.  Liver. 
s.  Stomach.     K.  lionta  of  liiugs  cut  through. 

Those  which  are  strictly  intpiratory  in  their  function  are  : 

1.  The  Diaphragm  with  its  accessory  Quadratus  Lumborum 

to  fix  its  origin  from  the  last  rib. 

2.  Levatores  costarum  (including  the  sealeni)  with  their  ac- 

cessory intercDstals,  which  act  chiefly  as  regulators. 

3.  The  Serratus  posticus  superior. 

The  Diaphragm  is  the  most  important  inspiratory  muscle.  It 
is  the  only  one  muscle  which  UDaided  can  keep  up  the  necessary 
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thoracic  veDtilation,  and,  iu  injury  of  the  epinal  cord,  owing  to 
its  isolated  oervoua  supply,  it  may  be  called  upon  to  do  so. 

During  urdinary  quiet  breathing  in  the  male  it  does  the  greater 
part  of  the  work. 

When  not  in  action,  a  great  part  of  the  muscular  sheets  of  the 
diaphragm  lies  in  direct  contact  with  the  iiiuer  surface  of  the 
lower  costal  part  of  the  thuracic  wall,  the  rest  is  higher  than  the 
central  tendon  that  forms  the  floor  of  the  pericardium  and  is 
fixed  in  one  position.  During  inspiration  these  lateral  parts  are 
separated  from  the  ribs  and  drawn  below  the  level  of  the  central 
tendon  by  the  contraction  of  the  mus- 
cular fibres.  The  separation  is  aided 
by  the  abduction  of  the  floating  ribs, 
which  is  accomplished  by  the  quudratus 
lumborum  and  the  deep  dorsal  muscles. 
In  order  that  the  diaphragm  may 
act  to  the  best  advantage,  it  is  neces- 
sary that  its  attachments  Le  fi.xed  by 
the  other  muscles;  for  when  the  quad- 
ratus  lumborum,  leva  tores,  and  other 
fixing  mufsclesareuot  acting,  the  lower 
iloatiug  ribs  are  drawn  iu  by  the  dia- 
phragm, and  the  power  of  that  muscle 
is  much  dimiuiijhed  by  the  approxima- 
tion of  its  attachments.  This  may  be 
seen  in  spinal  injuries  when  the  respira- 
tion is  carried  on  by  the  diaphragm 
alone.  In  these  cases  a  circular  furrow 
marks  the  line  of  attachment  of  the  muscle  to  the  lower  ribe 
and  their  cartilages,  which  are  drawn  inwards  during  each 
inspiration,  the  breathing  being  of  course  purely  abdominal  in 
type. 

The  Quadratui  Lumborum,  which  passes  from  the  pelvis  to  the 
last  rib,  has,  besides  the  action  iu  aid  of  the  diaphragm  just  men- 
tioned, the  power  of  drawing  down  the  lower  outlet  of  the  thorax, 
in  which  it  is  helped  by  other  abdominal  and  dorsal  muscles.     In 


Diagruin  Hliuwiiig  inter- 
val between  the  position  of 
the  diaphragm  in  expiration 
(e,  c)  and  inspiration  (t,  i). 
The  increase  in  capacity  a 
shown  by  the  while  areaa. 
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this  actioo  it  may  be  regarded  as  the  antagonist  of  the  nest 
group. 

The  Scaleni  iliuicleii,  which  pa*3  down  from  tiie  lateral  aspects 
of  the  cervical  vertebra;  to  ibe  first  two  ribs,  which  they  raise  so 
OS  to  draw  up  the  upper  outlet  of  the  thorax.  The  quadratus 
and  scaleui  muscles  thus  act  upuu  tfie  thorax  iu  the  same  way  as 
the  bauds  when  extending  a  concertina. 

The  Levalores  Coslaruvi  are  small  muscles,  but  on  account  of 
their  number,  their  aggregate  force  is  much  greater  than  is  com- 
monly (bought.     They  are  short,  thick  muscles,  which  pass  ob- 
liquely   downwards    and    out- 
wards from  the  transverse  pro-  Fio.  152. 
cesses  of  the  dorsal  vertebrje  to 
the  angle  of  the    ribs.     Their 
only  action  is  to  raise  the  angle 
of  the  ribs,  and  thus   remove 
their  anterior  and  lateral  down- 
ward sloiws  ;  by  so  doing  they 
increase  the  intervals  between 
the  ribs  and  enlarge  the  lateral 
and  the  autero-posterior  diame- 
ters of  the  chest.   Thus  they  are 
purely  muscles  of  inspiration, 
aud  probably,  acting  with  the 
diaphragm  aud  the  scaleui,  arc 
the  chief  workers  iu  ordinary 
breathiug. 

The  Intercostahs  produce  dif- 
ferent effects  on  the  ribs  accord- 
ing to  the  different  sets  of  mus- 
cles with  which  they  act  in  association.  They  never  act  alone, 
and  it  is  therefore  idle  to  try  to  ascribe  to  them  any  constant 
Bpecific  inspiratory  or  expiratory  action.  Generally  speaking, 
the  intercostals  approximate  the  ribs,  and  by  this  action  they 
stiffen  the  thoracic  wall  and  help  to  elevate  the  thorax  when  ita 
upper  part  is  fixed,  or,  when  its  lower  part  is  fixed,  to  depress  it. 


View  from  behind  of  four  dorsal 
vertebra-  and  tlirce  attached  ribs, 
showing  the  attachment  of  the  eleva- 
tor miiaclcs  of  the  ribs  and  the  inter- 
costals. (.'Vllen  Thomson.) — 1.  Long 
and  short  elevators.  2.  External  in- 
tercostal.    3.  Internal  intercoNtal. 
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Now,  if  both  the  upper  and  lower  margins  of  the  thorax  be  held 
firmly  by  strong  muscles,  as  really  occurs  in  inspiration — from 
the  action  of  the  quadratus  ftiid  scalcni — the  ioferoostals  cannot 
approximate  the  ribs.  Umler  these  circumstances  the  results 
which  follow  their  contraction  will  be  twofold,  viz. :  f  1}  the  ster- 
num will  be  p<ished  forwards,  ami  the  antero-posterior  diameter 
of  the  thorax  thus  increased;  and  ;  2)  the  spaces  between  the 
ribs,  which  are  widened  by  the  other  muscles,  are  kept  rigid 
and  prevented  from  sinking  inwards  when  the  intrathoracic 
pressure  falls.  When  acting  with  the  elevators  of  the  ribs  both 
intercostal  layers  of  rHu.acIe  have  an  inspiratory  effect.  But  when 
the  elevators  of  the  ribs  are  passive  the  iutercostals,  acting  with 
the  anterior  ahdomiual  muscles,  draw  down  the  ribs,  and  act  as 
muscles  of  expiration. 

For  forced  breathing  an  enormous  number  of  muscles  may 
be  called  into  play  during  the  inspiratory  effort,  as  may  be 
seen  during  occlusion  of  the  air-passages,  where  all  the  thoracic, 
cervical,  facial,  abdominal  muscles,  and  even  the  muscles  of  the 
extremities,  one  after  another,  are  thrown  into  a  recurring  spasm 
before  suffocation  ends  the  patient's  life. 

Among  the  muscles  which  lend  their  aid  when  more  energetic 
inspiratory  movements  are  required,  maybe  mentioned  iheiterno- 
mastoid,  which  helps  the  scaleni  to  elevate  the  front  of  the  tho- 
racic wall ;  the  pectoral,  muscles  and  the  ffreut  serratu»,  which  assist 
when  the  arms  are  fixed  ;  and  also  the  deep  muscles  of  the  back, 
which  straighten  the  spine,  and  act  upon  the  vertebral  attachments 
of  the  ribs  so  as  to  elevate  them  and  widen  the  intervals  between 
them.  Owing  to  the  ribs  being  fixed  to  the  sternum  in  front,  ihey 
can  only  separate  laterally  when  the  dorsal  curve  is  lessened,  and 
this  tends  to  approximate  the  sternum  and  the  vertebrse,  thus 
narrowing  the  autero-postcrior  diameter  of  the  thorax.  It  is  in 
preventing  this  flattening  of  the  chest  that  the  iutercostals  are 
particularly  useful ;  by  holding  the  ribs  together  they  push  for- 
wards the  sternum,  when  the  dorsal  curve  is  extended. 

During  quiet  breathing  expiration  requires  no  muscular  effort, 
the  expulsion  of  the  air  from  the  chest  being  accomplished  by  the 
elasticity  of  the  parts. 


r 


EXPIRATION. 


333 


The  most  powerful  force  is  the  elasticity  of  the  lungs,  which 
are  on  the  stretch  even  after  a  forced  expiration,  and  when  dis- 
tended by  inspiration  are  capable 
of  exerting  considerable  traction 
on  the  thoracic  wall. 

The  ordinary  shape  of  the  walls 
of  the  thorax,  when  the  muscles 
are  not  acting,  corresponds  with 
the  fKMsiliou  at  the  end  of  gentle 
expinition ;  therefore  the  resili- 
ency of  the  muscles,  costal  carti- 
lage", and  other  elastic  tissues 
which  are  stretched  during  inspi- 
ration tends  to  restore  the  ribs  to 
the  position  of  expiration. 

The  weight  of  the  thorax  itself, 
and  the  elastic  gases  in  the  intes- 
tinal tract,  which  have  been  com- 
pressed by  the  diaphragm,  may 
also  help  iu  expiration. 

After  death,  when  the  elasticity 
of  the  expiratory  muscles  w  lost, 
the  traction  exerted  by  the  lungs 
on  the  thorax  reduces  it  below  the 
size  its  own  elastic  equilibrium 
would  tend  to  assume;  when, 
therefore,  air  is  admitted  to  the 
pleural  cavity  by  puncture,  the  thorax  expands  slightly  as  the 
lungs  shrink,  and  the  pressure  ou  the  pleural  surface  becomes 
equal  to  that  within  the  bronchi. 

In  forced  expiration,  or  when  the  air  is  used  during  expiration 
for  any  purpose  such  as  the  production  of  voice,  or  any  blowing 
movements,  a  number  of  muscles  are  called  into  action.  The  only 
muscles  that  could  be  called  exclusively  special  muscles  of  expira- 
tion are  the  weak  triangularis  slenti,  serralus  poalieiis  tii/erior,  and 
partsof  the  iutercostals;  but  in  all  violent  and  forcible  expiratory 
eflbrta  these  are  aided  by  the  muscles  forming  the  anterior  wall 
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the  abdomen,  which,  associated  with  the  intcrcoelals  and  quadratus 
lumborum,  are  the  niost  powerful  agents  in  drawing  down  the 
thoracic  wails. 

Function  of  the  Pleura. 

From  what  has  beeu  already  said  it  is  obvious  that  by  far  the 
greatest  amount  of  movement  takes  place  in  the  lower  part  of  the 
thorax,  while  the  capacity  of  the  apes  changes  but  little.  The 
space  formed  in  the  chest  during  inspiration  is  practically  formed 
between  thecostal  wall  and  the  diaphragm  (compare  Figs.  148, 149). 
If  the  lungs  and  the  walls  of  the  thora.K  were  fused  together,  with- 
out the  interposition  of  serous  membranes,  the  different  parts  of 
the  lungs  would  have  lo  follow  the  movements  of  that  part  of  the 
thorax  lo  which  they  are  attached.  Thus  tlie  lower  jiarts  of  the 
luug  would  be  much  distended  during  inspiration,  and  the  apices 
would  receive  hut  little  addition  to  their  contained  air.  This  con- 
dition is  often  found  in  disease  of  the  pleura,  leading  lo  adhesion 
of  the  visceral  and  parietal  layers.  When  such  cases  live  for  some 
time  after  the  pleurisy  and  the  adhesions  persist,  the  air-cells  of 
the  lower  margins  of  the  lungs  are  commonly  fouud  to  be  dis- 
tended and  bloodless  (i.e.,  local  emphysema  from  habitual  over- 
distension;; while  on  the  other  hand,  the  apices  become  abnormally 
dense,  and  the  alveoli  are  contracted  and  airless. 

The  surface  of  the  soft  elastic  lung  tissue  ia  normally  quite  free, 
being  encased  in  a  serous  membrane,  the  smooth  surface  of  which 
can  slide  uninterrnptedly  and  freely  over  the  similar  lining  of  the 
costal  wall.  That  this  motion  of  the  lung  actually  occurs  may  be 
seen  from  watching  the  lung  through  the  exposed  parietal  pleura, 
or  recognized  by  studying  the  sounds  produced  by  a  roughness  of 
the  pleura,  such  as  occurs  in  inflammation,  when  a  "friction"  can 
be  detected  by  the  ear. 

The  lungs  move  in  a  definite  direction.  From  the  most  fixed 
points  of  the  thorax,  namely,  the  apex  and  vertebral  margin,  they 
])ass  towards  the  more  movable  inferior  costal  and  sternal  regions. 
In  short,  the  anterior  part  of  the  lungs  passes  downwards  and  for- 
wards to  fill  up  the  gap  made  by  the  descent  of  the  diaphragm 
and  by  the  passing  of  the  costal  wall  upwards  and  forwards. 
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The  position  of  the  inferior  margin  of  the  lung  may  be  easily 
recognized  by  percussion  over  the  liver,  and  may  thus  be  shown 
to  be  moving  up  and  down  with  expiration  and  inspiration  re- 
spectively. By  percussion  we  also  find  that  the  space  between 
the  two  lungs  in  fruul  is  increased  during  expiration  and  dimin- 
ished during  inspiration,  so  that  the  heart  is  more  or  less  covered 
by  lung,  and  the  prsecordial  dulness  is  altered  every  time  we 
draw  a  breath. 

By  means  of  this  free  movement  of  the  lungs  in  the  serous  cavi- 
ties the  air  exerts  equal  force  on  the  walls  of  all  the  air-cells, 
whether  they  are  situated  in  the  apex  or  base  of  the  lung,  and 
the  alveoli  are  all  equally  filled  with  air. 

If  the  pleural  cavity  be  brought  into  contact  with  the  air, 
either  by  puncture  of  the  thoracic  walls  or  by  rupture  of  the  vis- 
ceral pleura,  the  lung,  owing  to  the  great  elasticity  of  its  tissue, 
shrinks  to  very  small  dimensions,  and  the  pleural  cavity  becomes 
filled  with  air  (pneumothorax). 

If  air  be  admitted  to  both  pleural  cavities,  so  as  to  produce 
double  pneuraothorux,  death  must  ensue,  for  if  the  opening  remain 
free  the  motions  of  the  thorax  only  alter  the  tiuantity  of  air  in 
the  pleural  cavity,  and  cannot  ventilate  the  lungs.  This  demon- 
strates the  important  fact  that  it  is  the  atmospheric  pressure  which, 
having  access  to  them  only  through  the  trachea,  distends  the 
elastic  lungs,  and  keeps  them  pressed  against  the  wall  of  the 
thorax. 

The  power  with  which  the  lungs  can  contract  when  the  atmo- 
spheric pressure  is  admitted  to  the  pleura  has  been  found  after 
death,  without  inflation,  to  be  six  milliraotres  of  mercury,  which 
is  probably  below  the  pressure  exerted  during  life,  when  the 
smooth  muscle  of  the  bronchi  is  acting  and  the  tubes  are  free 
from  mucus,  for  this  rapidly  collects  in  the  minute  air  tubes  at 
death,  and  impedes  the  outfiow  of  air. 

When  the  lungs  are  inflated  before  the  pleura  is  opeucd  the 
pressure  can  easily  be  made  to  rise  to  nearly  1^  inches  (30  mm. 
mercury). 

From  this  it  would  appear  probable  that,  when  the  lungs  are 
stretched  by  inspiration,  they  exert  a  negative  pressure  equal  to 
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30  mm.,  and  when  the  lungs  are  \o  a  position  of  expiration  they 
still  tend  to  contract  with  a  force  of  6  mm.  mercury. 

Pressure  Differences  in  the  Aik. 

The  immediate  efiect  of  the  increase  in  capacity  of  the  chest  is 
that  a  pressure  difference  is  established  between  the  interior  of 
the  thoracic  cavity  and  the  atmosphere. 

The  re<luctioii  in  pressure  produced  in  the  lungs  and  air- 
passages  by  inspiratory  movements,  or  the  increase  of  pressure 
accompanying  expiration,  is  very  slight  during  ordinary  quiet 
breathing  with  free  uir-[»is8ages.  But  the  least  impediment  to 
the  entrance  or  to  the  exit  of  tiie  air  at  once  makes  the  difference 
very  notable. 

It  is  very  difficult  (o  obtain  an  accurate  experimental  estimate 

the  variatiiins  in  the  pressure  in  different  parts  of  the  air-pas- 

,ges  during  quiet  breathing,  because  even  the  most  careful  at- 
tempt t<i  measure  the  pressure  causes  an  increase  which  is  still 
further  magnified  by  the  sensitive  muscular  mechanism  of  the 
air- passages. 

The  variations  in  pressure  occurring  in  the  pulmonary  air  are 
greatest  in  the  alveoli,  and  gradually  diminish  towards  the  larger 
air  tubes,  so  that  they  disappear  at  the  nasal  orifice,  where,  if  no 
impediment  be  placed  to  the  course  of  the  air,  the  pressure  will 
remain  very  nearly  e(|ual  to  that  of  the  atmosphere.  By  connect- 
ing one  nostril  with  a  niaunmeter,  and  breathing  through  the  nose 
with  the  mouth  shut,  it  can  be  shown  that  inspiration  causes  a 
negative  pressure  of  about  1  mm.  mercury,  and  expiration  a  jKwi- 
tivc  pressure  of  2  to  3  mm. ;  these  resulls  must  be  divided  by  two, 
since  by  plugging  one  nostril  they  shut  off  half  the  normal  inlet. 
Forced  inspiration  and  expiration  give  respectively  — 57  and 
+  87  mm. 

This  great  difference  depends  on  the  elastic  forces  against  which 
the  inspiratory  muscles  act  in  distending  the  thorax,  all  of  which 
assist  in  expiration. 
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The  Volume  of  Air. 

During  ordinary  respiration  the  volume  of  the  inspiratory  and 
expiratory  stream  of  air  is  surprisingly  small  when  compared  with 
the  volume  of  air  sojourning  in  the  lungs. 

After  an  urdinary  expiratory  act  we  can  force  out  a  great 
quantity  of  air  by  a  voluntary  effort;  but  even  after  this  is  got 
rid  of  the  lungs  are  still  well  filled.  Some  of  this  residual  air, 
which  never  leaves  the  chest  during  the  life  of  the  animal,  is 
pressed  out  by  the  elasticity  of  the  lung-s  when  the  pleura  is 
ojjened.  But  a  certain  amount  of  air  catinot  be  removed  in  any 
way  from  the  alveoli.  Even  wlieu  the  lung  is  cut  out  of  the  chest 
and  divided  into  piece:*,  enough  air  is  retained  in  the  air  cells  to 
render  it  buoyant.  This  fact  is  relied  on  by  medical  jurists  as  an 
evidence  that  an  infant  has  breathed  after  birth  and  distended 
the  lungs  with  air,  for,  except  breathing  has  been  svell  estab- 
lished, the  tolerably  fresh  lung  of  an  infant  will  sink  in  water. 

In  order  to  have  a  clear  idea  of  the  volumes  of  air  at  rest  and 
ill  motion  during  i>ulmunary  venliiatiou,  it  is  conveuieul  to  follow 
the  classitication  from  which  the  nomeuclature  iu  common  use 
has  been  borrowed. 

Tidal  air  is  the  current  of  air  which  passes  into  and  out  of  the 
chej^t  in  quiet  uatuml  breathiDg.  It  amounts  to  about  500  cc. 
(30  cubic  inches). 

R&ierve  air  is  that  volume  which  can  he  voluntarily  emitted 
after  the  end  of  a,  normal  lidal  ex[)iration,  and  which,  therefore, 
during  ordinary  respiration  remains  in  the  lungs;  it  is  estimated 
at  about  1500  cc.  (or  about  100  cubic  inches). 

Complancutal  air  is  that  which  can  bo  voluntarily  taken  in 
after  an  ordinary  inspiration  by  a  forced  inspiration  ;  it  also 
amounts  to  about  1501)  uc,  but  is  not  used  during  ordinary 
breathing. 

Befidual  air  is  the  air  volume  wfiich  remains  in  the  lungs  after 
a  forced  expiration,  that  is  to  say,  which  no  voluntary  eH'ort  can 
remove  from  the  lungs;  it  includes  the  air  which  leaves  the  lungs 
when  the  pleura  is  opened  after  death  and  the  air  which  persist- 
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ently  remaios  ia  the  luogs  afler  they  have  collapsed.  This 
amounts  to  about  2000  cc.  (or  about  120  cubic  inches.) 

Vital  capacity  is  a  terra  given  to  the  greatest  amount  of  air  that 
can  be  emitted  by  a  forced  expiration  immediately  following  a 
forced  inspiration,  so  that  it  equals  the  sum  of  the  tidal,  reserve, 
and  complemental  air.  The  vital  capacity  is  estimated  by  spiro- 
meters of  different  kinds,  and  gives  an  approximate  measurement 
of  (1)  the  capacity  of  the  chest ;  (2)  the  power  of  the  respiratory 
muscles;  (3)  the  resistauce  offered  by  the  elasticity  or  rigidity  of 
the  walls  of  the  thorax;  (4)  the  working  capacity  of  the  lungs, 
i.e.,  their  extensibility  or  freedom  from  disease.  It,  therefore, 
varies  greatly  according  to  the  age,  sex,  position  of  the  body,  the 
occupation,  weight,  height,  the  fulness  of  the  hollow  viscera  of 
the  abdomen,  and  the  pathological  condition  of  the  lungs.  It  can 
be  much  increased  by  jiractice,  and  this  fact,  apart  from  the 
injury  forced  respirations  may  produce  in  a  morbid  state  of  the 
lung,  renders  it  inapplicable  as  a  gauge  of  pulmonary  disease. 

From  the  foregoing  it  appears  that  the  volume  of  air  habitu- 
ally sojourniog  in  the  lungs  during  natural  respiration,  or  station- 
ary air,  is  about  3500  cc.  {'225  cubic  inches),  while  the  fresh  air 
introduced  by  each  inspiration  is  only  a  little  over  500  cc.  (30 
cubic  inches),  or,  in  other  words,  about  one-seventh  of  the  air  in 
the  lungs  is  changed  at  each  breath.  Indeed,  the  500  cc.  of 
air  is  only  just  sufficient  to  fill  the  trachea  and  larger  bronchial 
passages,  so  that  the  fresh  air  does  not  reach  the  pulmonary 
alveoli,  or  directly  replace  any  of  the  air  they  contain.  The  tidal 
stream  is,  however,  brought  into  immediate  relation  with  the  sta- 
tionary air,  and  the  thoracic  movements  cause  them  to  mix  me- 
chanicall)',  so  that  rapid  diffimon  takes  place  in  the  minute 
bronchi.  Diffusion  is  also  constantly  occurring  between  the  air 
of  the  Bmall  tubes  and  the  terminal  sacs,  and  it  alone  suffices  to 
maintain  the  necessary  standard  of  purity  in  the  air  of  the  alveoli. 
If,  during  breathing,  a  harralccB  gas,  such  as  hydrogen,  be  in- 
haled during  one  inspiration,  it  requires  G  to  10  respirations  to 
get  rid  of  the  impurity  from  the  expired  air.  From  this  it  has 
been  inferred  that  this  number  of  respiratory  acts  would  be  neces- 
sary to  render  the  air  in  the  alveoli  quite  pure  even  if  no  freah 
impurities  were  allowed  to  enter  from  the  blood. 
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Respiratory  Sounds. 

As  the  Btreams  of  air  enter  the  air-passages  and  lungs  they 
produce  sounds  which  are  of  the  greatest  importance  to  the  phy- 
sician, owing  to  the  manner  in  which  they  are  altered  by  disease. 

A  sound  called  "bronchial  breathing"  is  produced  in  the  large 
bronchi  and  trachea,  and  is  like  the  noise  of  air  blowing  through 
a  tube.  This  can  normally  be  heard  over  the  trachea,  or  at  the 
back  between  the  tihoulder-blades  over  the  entrance  of  the  large 
bronchi  into  the  root  of  the  lung. 

Another  sound  called  "vesicular"  can  be  heard  all  over  the 
chest,  being  mo*t  distinct  where  the  Inng  is  most  superficial,  and 
where  other  sounds  are  absent,  as  in  the  sub-axillary  region.  It 
is  a  gentle  rustling  sound  caused  by  the  air  passing  into  the 
infundibuli.  It  varies  much  with  the  force  of  respiration  and 
many  other  circumstances.  In  children  up  to  ten  or  twelve  years 
of  age  it  is  remarkably  sharp  and  loud,  and  is  called  "puerile 
breathing." 

Nervous  Mechanism  of  Respiration. 

The  movements  of  respiration  go  on  rhythmically  without  any 
voluntary  effort,  and  even  when  we  are  quite  awake  they  occur 
almost  without  our  being  conscious  of  them,  and  repeated  varia- 
tions take  place  in  the  rate,  depth,  and  general  type  of  our  respi- 
rations without  our  knowledge.  Indeed,  if  this  .sclf-regulatiug 
arrangement  did  not  exist  we  should  have  to  devote  much  of  our 
attention  to  adapting  our  respiratory  movements  to  the  ever- 
changing  requiremeuts  of  the  gas-interchange  of  the  blood. 

Like  all  other  groups  of  skeletal  muscles,  those  which  act  on 
the  thorax  are  regulated  by  nerves  and  work  together  in  harmony. 
These  coordinated  movements  are  so  far  under  the  control  of  the 
will  that  any  of  the  groups  of  muscles  may  be  employed  sepa- 
rately, or  in  conjunction. 

But  the  respiratory  differ  from  the  other  skeletal  muscles,  in 
that  they  undergo  rhythmical  coordinated  contractions  which  are 
not  directed  by  our  will,  and  can  be  infiuenced  by  it  only  to  a 
certain  extent,  for  they  cannot  be  made  to  cease  altogether. 
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In  short,  the  rhythmical  coordinated  raovementa  of  respiration 
are  not  only  brought  about,  but  are  also  regulated  by  an  invol- 
untary nervous  inechauism.  Since  we  are  unconscious  of  its 
action,  it  certainly  is  not  dependent  on  the  voluntary  centres. 
Moreover,  we  know  that  the  upper  parts  of  the  brain  are  not 
needed  for  regular  breathing,  because  animals  born  with  deficient 
development  of  cranium  and  brain  can  breathe  quite  rhythnii- 
cally  ;  and  removal  of  the  brain  of  birds,  etc.,  causes  no  inter- 
ruption of  the  respiratory  movements.  Wo  know,  however,  that 
an  injury  to  the  upper  part  of  the  spinal  cord  causes  death  by 
stopping  res|)iratioii.  The  regulating  eenlre  must  then  bo  lower 
than  the  cerebral  centres,  and  higher  than  the  cervical  part  of 
the  spinal  marrow.  The  direct  evidence  of  the  seat  of  this  centre 
was  found  by  Flourens,  who  showed  that  a  localized  spot  exists 
in  the  medulla  oblongata,  injury  of  which  causes  instant  cessa- 
tion of  the  respiratory  movement. 

This  vital  pniiit,  or  weud  vital,  is  situated  in  the  floor  of  the 
fourth  ventricle,  near  the  point  of  the  calaninn  acripioriun,  and  is 
now  commonly  spoken  of  as  the  respiratory  centre. 

From  this  centre  the  impulses  which  give  rise  to  and  regulate 
the  all-important  respiratory  movements  rhythmically,  pass  down 
the  spinal  cord  and  nerves.  So  long  as  the  nervous  communica- 
tion between  the  centre  and  the  muscles  is  intact,  the  movements 
go  on  with  undisturbed  regularity;  if  it  be  cut  off,  or  the  centre 
destroyed,  they  instantly  stop. 

What  keeps  this  centre  active?  It  has  been  already  stated 
that  all  the  conditions  of  the  body  which  cause  an  increased  tissue- 
change  use  up  a  greater  amouut  of  oxygen,  and  give  off  more 
carbonic  acid,  therefore  arc  accompanied  by  more  active  move- 
ments of  the  respiratory  muscles.  From  this  it  would  appear 
that  there  exists  some  relation  between  the  activity  of  the  respira- 
tory centre  and  the  condition  of  the  blood — a  deficiency  of  oxygen 
or  an  excess  of  carbonic  acid  gas  calling  forth  increased  action. 
One  has  only  to  hold  one's  breath  as  long  as  possible,  and  note 
the  series  of  rapid  and  deep  respirations  that  follow  such  a  tem- 
porary impediment  to  the  proper  oxygenation  of  the  blood,  in 
order  to  see  that  an  involuntary  respiratory  centre  is  profoundly 
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influeaced  by  a  deficiency  of  oxygen.  Experimentally  it  can  be 
shown  that  the  effect  is  produced,  in  a  great  measure  at  least,  in 
the  medulla  itself,  by  the  blood  flowing  through  it,  and  not  by 
the  action  of  the  venous  blood  circulating  through  distant  organs, 
and  reflexly  affccling  the  centre.  It  has  also  been  shown  that 
the  teraperature  of  the  blood  circulating  through  the  medulla 
changes  the  activity  of  the  centre,  for,  if  the  blood  in  the  carotids 
be  warnie<l,  the  respiratory  movements  become  nnore  rapid. 

The  respiratory  centre  is,  then,  u  good  example  of  what  is 
called  an  "automatic  nerve  centre,''  not  depending  upon  nerve 
impulses  from  afar  for  its  energy,  nor  merely  retlectiug  the  in- 
fluences of  other  centres,  but  acquiring  its  energy  froui  the  ther- 
mal anc]  chemical  condition  of  the  blood  which  flows  through  it, 
and  thus  ilj;  activity  is  intimately  related  to  its  nutrition  and  sup- 
ply of  oxygen. 

So  long  as  the  amount  of  oxygen  flowing  through  the  centre 
keeps  up  to  a  certain  staudard,  the  normal  excitability  of  the 
centre  continues,  and  we  have  natural  quiet  breathing,  called 
Eupnaa.  When  the  oxygen  falls  below  the  normal  staudard  the 
respiratory  centre  becomes  more  excitable,  and  labored  breathing 
is  produced,  commuQiy  called  Dt/xpmta. 

If  the  theory  that  a  deficiency  of  oxygen  is  the  normal  stimulus 
to  action  of  the  respiratory  centre  be  correct,  a  superabundant 
quantity  should  dimioisli  the  activity  of  the  centre,  and  a  con- 
dition the  opposite  of  dyspna-a  would  be  produced.  This  is  dif- 
ficult to  show  in  natural  breathing,  though  every  one  knows  the 
efficiency  of  the  few  ileep  breaths  one  takes  before  a  dive  into 
water  ;  but  with  artificial  breathing,  if  the  movements  be  carried 
on  very  energetically  for  some  time,  and  then  be  stopped,  the 
animal  will  not  at  first  attempt  to  breathe,  but  after  a  short  time, 
somewhat  less  than  a  minute,  gentle  and  slow  respiratory  move- 
ments commence.  This  cessation  of  breathing,  called  ajonaea,  de- 
pends upon  the  blood  being  so  charged  with  oxygen  that  it  no 
longer  acts  as  a  stimulus  to  the  centre. 

We  find  that  dyspnwa  is  produced  by  a  deficiency  in  the 
amount  of  oxygen  rather  than  by  an  excess  of  carbonic  acid  gas. 
This  is  proved  by  the  fact  that  it  occurs  when  the  carbonic  acid 
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gas  is  removed  from  the  bloocl  by  breathing  freely  air  which  is 
only  deficient  in  oxygen,  and,  secondly,  because  an  excess  of  car- 
bonic acid  gas  in  the  air  causes  a  drowsy  condition  and  not  an 
active  dyspnoea. 

Although  the  respiratory  centre  is  iu  the  strictest  sense  auto- 
viatic,  yet  it  is  profoundly  affected  by  many  influences  coming 
from  other  parts,  which  reflexly  modify  the  respiratory  move- 
ments. Thus,  mental  emotions  variously  influence  both  the  rate 
and  the  depth  of  breathing,  sometimes  causing  more  rapid  and 
sometimes  slower  respiratory  action.  The  application  of  stimulus 
to  almost  any  part  of  the  air-passages  completely  changes  the 
respiratory  rhythm.  The  ordinary  sen.iory  nerves  passing  from 
the  skin  are  also  capable  of  exciting  respiratory  movements. 
This  is  well  seen  from  the  gasping  that  follows  the  sudden  appli- 
cation of  cold  to  the  body.  It  is  along  these  sensory  nerves  that 
one  tries  to  transmit  impulses  by  applying  mechanical,  thermal, 
or  other  stimulus  to  the  skin  of  a  new-boru  infant,  whose  respira- 
tory centre,  having  been  kept  long  in  the  condition  of  apncea,  is 
slow  to  respond  to  an  exciting  influence  caused  by  a  deficiency  of 
oxygen. 

Experiment  shows  that  most,  if  not  all,  afferent  nerves  can 
aflect  the  respiratory  centre,  either  by  increasing  or  reducing  its 
activity  ;  but  there  is  one  special  nerve,  namely,  the  pneumogwilrie 
or  tragus,  and  its  branches,  which  have  both  these  capabilities 
developed  to  a  much  greater  degree  than  any  other. 

If  the  tioo  vagi  be  cut,  a  marked  change  takes  place  in  the 
respiratory  rhythm,  though  section  of  one  vagus  has  little  or  no 
efl'ect  on  respiration.  The  rate  of  the  inspiration  is  reduced  to 
less  than  half,  while  each  breath  becomes  extremely  deep  and 
prolonged,  the  respiratory  function  of  the  lungs  goes  on  for  some 
time  unimpaired,  and  the  haemoglobin  of  the  blood  receives  the 
due  amount  of  oxygen.  Although  the  character  of  the  breath- 
ing is  completely  changed  from  the  rapid  gentle  motion  of  natural 
respiration  to  a  series  of  slow  deep  gasps,  the  air  volume  per 
minute  and  the  chemical  changes  remain  the  same.  If  the  cen- 
tral end  of  the  cut  vagus  be  now  stimulated  gently,  the  rate  of 
the  respiratory  movements  may  again  be  quickened  to  the  nor- 
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Diagram  of  tlie  Nervoiis  Meclianisiuh  uf  Respiration.  (After  Fick.) — 
se.  Centre  for  inspiratory  luovenieiitJ*,  frmii  wliieli  puss  efferent  channels, 
represented  by  the  continuous  white  linp  (o)  to  the  inspiratory  niiiseles  rep- 
resented by  the  diaphragm  (u).  Ef.  Centre  for  expiratory  inoreiuents, 
from  wliich  eflercnt  chniincls  (p)  pass  down  the  cor<l  lo  the  muHcleii  of  ex- 
piration, represented  by  the  alMiominal  nitiscleg  (a).  To  Ijolh  thcae  centres 
afferent  impulues  come  (I)  from  the  cerebral  centres  (o,  b,  c,  d]  lo  check  or 
excite  activity.  These  voluntary  impulses  may  be  calle<]  afferent  aa  far  as 
the  respiratory  oentres  are  concerned.  From  (2)  the  cutaneous  surface,  and 
(3)  the  nose,  impidses  (e,/,  g)  arrive,  which  modify  the  action  of  the  inspi- 
ratory centre.  From  the  (4)  larynx  (o)  come  cheeking  impulses  (A)  to  the 
inspiratory,  and  exciting  impulpes  ( i)  lo  the  expiratory  centre  ;  and,  finally, 
(5)  from  the  lungs  come  both  exciting  and  inhibiting  impulses  (it,  /,  m,  n) 
to  both  the  expiratory  and  inspiratory  centres,  and  by  these  channels  the 
rhythm  of  ordinary  breathing  is  ref^lated. 
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nial.  If  the  stimulus  be  very  strong,  respiratory  spasm  can  be 
produced.  On  the  other  hand,  if  the  central  end  of  the  superior 
laryngeal  branch  of  the  vagus  be  stimulated,  breathing  becomes 
slow,  and  can  be  made  to  cease  while  the  thorax  is  in. the  position 
of  ordinary  expiration,  a  spasm  of  the  laryngeal  and  expiratory 
muscles  is  caused. 

So  that  in  the  pneumogastric  nerve,  fibres  exist  which  convey 
impulses  of  two  kinds  to  the  respiratory  centre,  the  one  increas- 
ing its  t'xcitiibility  and  causing  more  ra|viil  iJisehnrges  of  inspira- 
tory impulses,  the  other  decreasing  its  irritability  and  causing  a 
slowing  of  the  respiratory  movements.  The  marked  change 
which  has  just  been  descril)ed  as  occurring  when  the  two  pneu- 
inogastrics  are  cut  proves  that  these  afi'erent  influences  are  con- 
stantly at  work  modifying  the  respiratory  rhythm.  We  may' 
assume  that  the  slow,  deep  respirations  which  follow  section  of 
the  vagi  are  caused  by  the  unregulated  automatic  action  of  the 
centre.  No  impulse  is  di.scharged  until  the  venosity  of  the  blood 
iu  the  centre  arrives  at  a  certain  point,  and  then  the  accumulated 
energy  is  sent  to  the  respiratory  muscles,  and  a  deep  gasping 
inspiration  occurs,  and  thus  each  respiratory  act  is  called  forth 
by  the  blood  becoming  so  venous  as  to  act  as  a  powerful  stimulus. 

So  long,  however,  as  the  centre  enjoys  the  regulating  influence 
of  the  vagi  this  venous  condition  is  not  allowed  to  occur,  and  the 
intense  excitation  of  the  centre  is  thereby  prevented,  and  the 
necessary  movements  are  performed  with  a  minimuui  of  muscle 
energy. 

The  exact  mode  of  stimulation  of  the  pulmonary  terminals  of 
the  afferent  fibres  of  the  pneumogastric  i.s  not  certain.  It  has 
been  suggested  that  distension  or  retraction  of  the  lungs  may  act 
as  a  mechanical  stimulus  to  fibres  inhibiting  and  exciting  re- 
spectively the  inspiratory  centre.  Each  expansion  of  the  lungs 
calls  forth  the  ensuing  relaxation,  and  the  relaxed  state,  in  its 
turn,  induces  a  new  inspiration,  and  thus  the  lungs  themselves 
are  able  to  guide  the  thoracic  movements  by  means  of  the  pneu- 
mogastrics. 
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Modified  Movements  op  the  Respikatory  Muscles. 

Besides  the  ordinary  respiratory  motions  and  the  voluntary 
modifications  niade  use  of  in  speaking  and  singing,  etc.,  the  mus- 
cles of  respiration  perform  a  series  of  movements  of  an  involun- 
tary reflex  nature  indicative  of  certain  emotions  and  menial 
states. 

They  will  be  seen  to  resemble  each  other  in  the  mechanism  of 
their  production,  though  differing  essentially  in  expression.  The 
following  are  the  more  importaut: 

Coxighing  is  caused  by  a  stimulus  applied  to  certaiu  parts  of 
the  air-passages,  but  more  particularly  to  the  larynx  ;  the  stimulus 
passing  aloug  the  superior  laryngeal  branch  of  the  pneumogas- 
tric.  It  consists  in  a  deep  inspiration,  closure  of  the  glottis,  and 
then  a  more  or  less  violent  expiratory  .etfort,  accompanied  by 
two,  three,  or  more  sudden  openings  and  closures  of  the  glottis, 
so  that  rapidly  repeated  blasts  of  air  pass  through  the  upper  air- 
passages  and  mouth,  which  is  generally  held  open. 

Sneezing  is  caused  by  a  stimulus  applied  to  the  nose  or  eyes, 
the  impulses  being  carried  to  the  respiratory  centre  by  the  nasal 
and  other  branches  of  the  fifth  nerve.  It  consists  of  a  deep  in- 
spiration and  closure  of  the  gluttis,  followed  by  a  single  explo- 
sive expiration  and  sudden  opening  of  the  glottis  and  posterior 
nares. 

Sneezing  is  a  purely  reflex  act,  it  being  impossible  to  produce 
it  voluntarily,  except  by  the  stimulation  of  the  nasa!  mucous 
membrane  with  some  irritating  substance. 

Laughing  consists  in  a  full  inspiration,  followed  by  a  long  series 
of  very  short  rapid  expiratory  efforts.  The  facial  muscles  are  at 
the  same  lime  thrown  into  a  characteristic  set  of  movements. 

Crying  is  mode  up  of  a  series  of  short  sudden  expirations,  ac- 
companied with  peculiar  facial  contortions,  and  commonly  follow- 
ing or  associated  with  the  following  : 

Sobbing,  which  consists  of  a  rapid  series  of  convulsive  inspira- 
tory efli)rts,  causing  but  little  air  to  enter  the  chest,  and  followed 
by  one  long  expiration. 

2» 
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Sighing  is  a  long  slow  inspiration,  qaickly  followed  by  a  cor- 
responding expiration. 

Fatontn^r  is  i  very  long  deep  inspiration,  completely  filling  the 
chest.  It  is  accompanied  by  a  peculiar  depression  of  the  lower 
jaw,  wide  open  month,  ftcial  movements,  and  commonly  stretch- 
ing of  the  limbs. 

Hieeough  is  a  sudden  inspiratory  spasm  chiefly  of  the  dia- 
phragm, the  entrance  of  the  air  being  suddenly  checked  by  the 
sudden  closure  of  the  glottis. 


CHAPTER  XIX. 
thp:  ciilmistry  of  respiration. 

The  simplest  way  to  investigate  the  study  of  thegas-ioterchange 
that  takes  place  iti  the  lungs  between  the  air  and  the  blood  is  to 
compare  the  composition  of  the  expired  air  with  that  of  the  atmo- 
sphere, and  from  the  alteration  found  to  have  taken  place  in  the 
tidal  stream  we  can  arrive  at  the  ehaogea  whicli  the  air  un<ler- 
goes  during  its  jourDey  in  and  out  of  the  air-passages,  and  we  can 
then  examine  the  venous  and  arterial  blood  in  order  to  ascertain 
the  change  the  blood  undergoes!  in  becoming  arterial. 

The  atmosphere  is  made  up  of  a  mixture  of  nitrogen  and  oxy- 
gen, with  A  variable  amount  of  moisture  and  a  minute  proportion 
of  carbonic  acid. 

The  following  table  gives  the  volume*  of  the  gases  in  dried  air : 

Oxygen,  ....     20.96  per  cent.,  or  about  21  per  cent. 

Nitrogen,         .        .        .    79.02        "  "       79 

Carbonic  dioxide,    .      0.02-O.OG        "  "         4  parts  in  10,000. 

The  amount  of  moisture  contained  in  the  air  is  very  variable, 
and  depends  in  a  great  measure  upon  the  temperature  and  the 
direction  of  the  wind.  The  dampness  of  the  air  depends  upon 
the  temperature,  so  that  air  coatainiug  the  same  absolute  amount 
of  moisture  may  be  relatively  dry  or  damp,  according  as  the  tera- 
|)erature  rises  or  falls,  As  a  general  rule  the  air  is  relatively  dry, 
that  ia  to  say,  it  does  not  contain  so  much  moisture  as  it  is  capa- 
ble of  taking  up  in  the  form  of  aqueous  vapor  at  its  ordinary  tem- 
perature. At  certain  times  of  the  day  the  air  may  be  saturated 
owing  to  a  sudden  fall  of  temperature. 

The  temperature  of  the  air  which  we  breathe  of  course  varies 


*  On  accnnnt  of  the  difference  in  the  atomic  weight*,  the  atmoophere  being 
only  a  mechanical  malure  o(  tlic  gases,  the  pruportibn  hy  weight  is  slightly 
different,  being  about — Oxygen  23  per  cent..  Nitrogen  77  per  cent. 
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considerably,  according  to  the  aeason  of  the  year,  etc.,  but  almost 
always  in  this  country  it  is  lower  than  that  of  our  bodies. 


ExpiBED  Air. 

The  following  are  the  notable  characters  in  the  tidal  air  on  iu 
leaving  tire  iiir-[)as.sages : 

1.  It  is  rich  in  CO,,  contaiuiii)^  ou  an  average  4.38  per  cent,  in 
quiet  breatliing. 

2.  It  is  poor  in  O,  containing  about  4.5  per  cent,  less  than  the 
alraosphere. 

3.  A  slight  increase  in  the  N  has  been  observed,  possibly  the 
outcome  of  nitrogenous  metabolism. 

4.  The  temperature  of  the  air  is  approximated  to  that  of  the 
body,  and  it  therefore  commonly  exceeds  the  temperature  of  the 
air  inspired.  The  air  on  leaving  the  air-passages  is  about  36.5° 
C.  This  is  not  much  influenced  by  the  tera[)erftture  of  the  atmo- 
sphere, as  may  be  seen  from  Valentine's  Table : 


TejojicmturM  of  Atmoepherc. 
—  6.3°C. 
+  J7.0°  C. 
+44.0"  C. 


«iii]  of  Expired  Air. 
+  29.8°  C. 
+  36.2°  C. 
+  38.5°  C. 


It  can  be  seen  from  the  last  statement  that  very  hot  air  (+44° 
C.)  if  breathed  is  cooled  in  its  transit  through  the  air-passages. 

5.  In  quiet  breathing  the  expired  air  is  saturated  with  moisture; 
in  rapid  breathing  this  is  not  the  case.  It  must  be  remembered 
that  the  air  when  warm  is  capable  of  holding  a  greater  quantity 
of  vapor  thai)  when  it  was  inspired.  The  ilifference  can  be  best 
appreciated  in  cold  weather,  when  the  vapor  of  the  warm  expired 
air  is  condensed  on  meeting  the  cold  atmosphere.  Great  quanti- 
ties of  water  and  heat  are  given  off  in  producing  this  saturation. 

6.  If  the  tidal  air  be  dried  and  cooled  and  measured  at  a  cer- 
tain pressure  before  and  after  respiration,  it  is  found  that  the  ex- 
pired air  has  lost  about  j'j  of  its  volume.  But  owing  to  the  ex- 
pansion from  the  increased  temperature  and  the  presence  of  the 
vapor,  the  volume  of  air  expired  is  greater  than  that  inspired. 

If  the  oxygen  were  all  used  to  make  CO,,  these  volumes  ought 
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to  be  the  same,  for  the  volume  of  CO,  is  equal  to  that  of  the  0  it 
contaiiiB,  if  set  free.  The  volume  CO,  given  off  is,  however,  only 
about  4.38,  to  4.5  volumes  of  O  taken  in,  so  that  part  of  the  O 
must  be  used  in  some  other  way  than  in  the  manufacture  of  CO,. 
7.  The  expired  air  is  also  said  to  contain  traces  c»f  the  following 
impurities  :  (1 )  ammt)Dia,  (2)  hydrogen,  (3)  carbnretted  hydrogen 
CCH,),  (4  )  organic  matter.  These,  and  probably  other  inipu-rities, 
give  the  breath  its  peculiar  odor  and  noxious  properties,  for  an 
atmosphere  rendered  "stuffy"  by  expired  Kir  is  much  more  inju- 
rious to  health  than  an  atmosphere  in  whicli  a  similar  deficiency 
of  O  or  excess  of  CO,  has  been  artificially  produced  by  chemical 
means;  this  fact  ought  to  be  remembered  when  calculating  the 
ventilation  required  for  hygienic  purposes.  The  following  Table 
may  assist  in  comparing  the  atmosphere  with  the  expired  air: 


Atmoupbero. 

Expired  Air. 

omtecsncc 

CO,. 

sZZZZZZ'".".'. 

Temperature- 

Molsnire 

.04  per  cent. 

aoiii  "    " 

79.15    "      ■" 
-«°  C-   ,  35=  ('. 
alxiul  10  Krais.  Ui  I    ' 
cubic  metre. 

4.il8  per  cent. 
16.08    "     •• 
79J»    '•      " 
29.8°  C.-38.5''  C 
kbout  40  grms.  to  1  cubic 

metre. 
ApiKjrently     iniTea««<1, 
ahsiluiely  rcHlui'ed  Ath. 
.Ml,.  U.riij.niiapouon- 
ous  organic  matter. 

+4.84 
— 1.78 
(-  .40 

ImpuriUei 

About  f  th  of  the  O  which  is  used  does  not  take  part  in  the  pro- 
duction of  the  CO,,  but  this  proportion  may  vary  greatly.  Thus 
the  estimation  of  the  CO,  can  give  no  sure  guide  to  the  aroount  of 
O  taken  up ;  and  each  gas  has  to  be  estimated  separately  if  au 
accurate  measurement  be  required. 

The  average  amount  jier  diem  may  be  said  to  be : 

Carbon  dioxide       .        .        .    given  offabont  BOO  grammes. 

Oxygen consumed  atwiut  700       " 

Water given  off  about  600        " 

The  amounts  of  O  taken  up  and  of  CO,  given  oif  difler  in  dif- 
ferent individuals  and  in  the  same  individuals  under  varying 
circumstances,  among  which  the  following  may  be  enumerated : 

1.  Increase  in  the  rapidity  or  the  depth  of  respiratory  move- 
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meati*,  accumpanied  by  an  increase  io  the  tidal  stream,  pro- 
duces an  increase  of  the  total  amount  of  CO,  given  off,  while  the 
percentage  in  the  volume  of  expired  air  is  diminished. 

2.  It  varies  with  age.  The  amount  increases  with  age  up  to 
30  years,  and  then  remains  constant. 

3.  Sex  ;  is  leas  in  women  than  in  men,  but  it  increases  in  preg- 
nancy. 

4.  With  muscular  activity  it  is  notably  increased. 

5.  Change  of  temperature  of  the  air  has  a  marked  influence  on 
the  CO,  outpout  of  cold-blooded  animals,  in  which  it  increases  in 
direct  proportion  to  the  elevation  of  temperature.  The  effect  on 
warm-blooded  ones  is  the  opposite  so  long  as  they  can  regulate 
their  temperature.  The  sustentation  of  the  body  temperature  in 
cold  weather  isaccompauied  by  a  distinct  increase  in  the  output 
of  carbon  dioxide. 

6.  The  time  of  day;  a  maximum  is  arrived  at  about  midday, 
and  tt  minimum  about  midnight. 

7.  An  increase  in  the  amount  of  carbon  dioxide  in  the  atmo- 
sphere diminishes  the  amount  given  off  from  the  hinga. 

Changes  the  Bl'ood  underooes  in  the  Lungs. 

In  order  to  understand  liow  the  oxygen  and  the  carbonic  acid 
pass  to  and  from  the  blood  in  the  pulmonary  capillaries  we  must 
know  the  relationship  of  these  gases  to  the  blood  in  the  arterial 
and  venous  sides  of  the  circulation. 

In  the  chapter  on  the  blood  (pp.  239,  240)  it  is  stated  that  both 
the  oxygen  and  the  carbon  dioxide  can  be  removed  from  the 
blood  by  the  mercurial  air-pump,  and  that  the  greater  part  of 
these  gases  are  ehcniicatly  iiiiitctl  with  some  of  the  constituents  of 
the  blood,  and  that  a  different  quantity  of  each  gas  is  found  in 
arterial  and  venous  blood.  Now  that  we  know  that  the  change 
from  the  venous  to  the  arterial  condition  takes  place  during  the 
passage  of  the  blood  through  the  pulmonary  capillaries  where  it 
ie  exposed  to  the  air,  we  may  assume  that  the  acquisition  of  oxy- 
gen and  the  loss  of  CO,  form  the  essential  diH'erence  between 
venous  and  arterial  blooil. 

From  eithi-r  kind  of  blood  about  60  volumes  per  cent,  of  gas 
may  be  extracted  with  the  mercurial  gas-pump.    The  composi- 
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tioti  of  this  varies  considerably  in  venous,  but  not  very  niiich  in 
arterial  blood.     An  average  is  given  in  the  following  table: 

U  per  cent.  voln.       COg  per  cent.  vcil«.       N  per  cent.  vols. 
Arterial,    .  20  39  1-2 

Venous,     .         .8-10  {about}  46  1-2 

The  more  rapidly  the  gases  are  removed  the  greater  is  the  pro- 
portion of  O  that  can  be  obtained ;  as  delay  allows  some  of  it  to 
eorobine  with  easily  oxidized  substances  in  the  blood  itself.  The 
amount  of  oxygen  varies  in  difTerent  parts  of  the  venous  system. 
In  the  blood  of  an  animal  wi!ii;h  has  died  of  slow  asphyxia  only 
traces  of  oxygen  can  be  found. 

The  proofs  that  O  is,  for  the  mast  part,  in  chemical  combina- 
tion with  the  haemoglobin  of  the  red  blood  corpuscles!,  and  not 
merely  absorbed,  as  one  might  be  led  to  suppose  from  its  coming 
away  when  the  pressure  is  removed,  are  numerous  and  satisfac- 
tory. 

First.  When  arterial  blood  ia  submitted  to  gradual  diminution 
of  pressure  in  the  mercurial  air-putnp,  the  oxygen  does  not  come 
away  in  accordance  with  the  established  law  of  the  absorption  of 
g&sea  (  Henry-Daltou  )  by  coming  ofl"  in  proportion  to  the  diminu- 
tion of  the  pre.i8ure,  as  at  first  only  traces  appear  (probably  the 
email  amount  really  dissolved),  and  when  the  pressure  has  been 
reduced  to  a  certain  point  the  oxygen  comes  off  suddenly  ;  after 
which  little  more  can  be  obtained  by  further  reduction  of  pres- 
sure. Hitmoglobin  combines  with  O  in  the  same  way,  very 
rapidly  at  Cj^st  when  the  pressure  is  low,  and  then  with  a  much' 
higher  pressure  a  smaller  quantity  is  taken  up. 

Seeondly.  If  the  oxygen  were  only  in  a  state  of  absorption,  the 
blood,  while  passing  through  the  pulmonary  capillaries,  could 
only  take  up  about  0.4  volume  per  cent.,  which  would  be  inade- 
quate for  life.  We  know  that  the  quantity  of  O  going  to  the 
blood  from  the  air  in  the  alveoti  cannot  well  be  explained  on 
physical  grounds  alone;  and,  moreover,  when  an  animal  is  allowed 
to  die  of  asphyxia  in  a  limited  space,  all  the  0  of  the  air  in  the 
space  is  absorbed.  Since  the  partial  prcs-sure  of  the  O  in  this 
case  must  fall  to  zero,  it  cannot  be  the  pressure  which  makes  the 
O  pass  into  the  blood. 
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The  Spectra  or  Ozyliicnivglobin,  reduceil  hnunuglohin,  and  (X)-hRino- 
globia.  (Gamgee.)— 1,  2, 3,  and  4.  Oxyliienioglobin,  increasing  in  strength 
or  thickness  of  solution,     5.  Ileduoe<I  lisemoglolnn.     6.  CX)-li«enioglobin. 


GASES    IN    THE   BI.OOD.  353 

AnotTier  conclusive  proof  that  the  union  of  the  O  with  the 
btcmoglobin  ia  really  a  chemical  one,  is  given  by  the  spectroscopic 
esamioation  of  a  bicmoglobin  solution.  When  deprived  of  its 
O,  and  after  the  ailmixlure  of  the  air,  quite  dissimilar  spectra 
are  seen,  as  already  pointed  out  in  Chapter  XIV.  (Fig.  107.) 

The  amount  of  O  taken  up  by  the  blond  is  not  always  in  pro- 
portion to  the  pressure  of  that  gas,  but  rather  to  the  araouut  of 
htemoglobin  in  the  blood  ;  and  we  therefore  find  the  adef[Uacy  of 
the  reapiratorj'  function  of  the  blood  going  hand  in  band  with 
its  richness  in  hsennoglobin,  and  thus  the  "shortness  of  breath" 
of  anasmic  and  chlorotic  individuals  is  explained. 

Our  knowledge  concerning  the  relation  of  the  CO,  to  the  con- 
atituents  of  the  blood  is  let»  definite  and  clear. 

It  does  not  altogether  exist  as  a  mere  physical  solution,  for  it 
comes  off  irregularly  under  the  air-pum[p,  and  rloes  not  obey  ex- 
actly the  Henry-Dalton  law  of  the  absorption  of  gases.  Part 
oomefl  off  easily  and  part  with  difficulty.  It  is  not  associated 
with  the  corpuscle*,  for  more  of  this  gas  can  be  obtained  from 
serum  than  from  a  like  (juautity  uf  blood.  It  is  more  easily  re- 
moved from  the  blood  than  from  the  serum,  a  certain  proportion 
(about  7  jier  cent,  of  the  whole)  remaining,  in  the  serum  in  vacuo, 
until  dissociated  by  the  addition  of  an  acid  or  a  piece  of  dot 
containing  corpuscles.  If  bicarbonate  of  soda  be  added  to  blood 
from  which  all  the  gas  has  been  removed,  still  more  CO,  can  be 
pumped  out,  from  which  it  would  appear  that  something  exists  in 
the  blood  capable  of  dissociating  CO,  from  sodium  bicarbonate. 

It  has  been  suggested  that  the  CO,  is  in  some  way  associated 
(poBsibly  as  sodium  bicarbonate)  with  the  plasma  of  the  blood, 
and  that  the  corjjuseles  have  the  power  of  acting  like  a  weak 
acid,  and  of  dissociating  it  from  the  soda,  and  thus  raising  its 
tension  in  the  blood. 

The  great  importance  of  the  chemical  nature  of  the  union 
between  the  0  and  htemoglobin  for  external  respiration  becomes 
most  striking  when  the  actual  manner  in  which  the  entrance  of 
the  O  is  efiected  is  taken  into  account. 

It  must  be  remembered  that  the  further  we  trace  the  air  down 
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the  passages,  the  less  will  be  the  percentage  of  O  found  in  it,  and 
therefore  a  less  pressure  exerted  by  tlmt  gas.  This  is  .shown  by 
the  fact  that  the  air  given  out  by  the  latter  half  of  a  single  ex- 
piration has  less  O  and  more  CO,  than  that  of  the  first  half.  The 
most  impure  air  lies  in  the  alveoli  of  the  lung,  for,  since  the  tidal 
air  scarcely  fills  the  lubes,  the  air  in  the  alveoli  is  only  changed 
by  mixture  and  diHusion  with  the  impure  air  of  the  small  bronchi. 
Any  impediment  to  the  ordinary  venlilation  of  the  alveoli  so 
reduces  the  percentage,  and  therefore  the  tension  of  the  O,  that 
it  would  probably  sink  below  that  in  the  binod,  and  iu  that  case, 
were  it  not  a  chemical  union,  the  O  would  escape  from  the  blood 
in  proportion  as  its  tension  in  the  blood  exceeded  that  of  the  air 
of  the  alveoli.  We  know  it  <loes  not  do  this,  even  in  the  intense 
dyspnoja  of  suffocation. 

In  the  same  way  the  diflereuce  of  tension  of  the  CO,  in  the 
alveolar  air  and  in  the  blood,  hardly  explains  the  steady  manner 
in  which  the  CO,  escapes,  and  it  has  therefore  been  suggested 
that  this  escape  is  also  iu  some  way  a  chemical  process,  possibly 
connected  with  the  union  of  the  O  and  hiemoglobin  ;  because  the 
admishiou  of  O  to  the  blood  seems  to  facilitate  the  exit  of  the  CO.. 

Tlie  following  table  gives  the  approximate  tension  of  the  two 
gases  in  the  ditierent  steps  of  the  interchange,  and  shows  that  the 
tensions  are  such  as  to  enable  physical  ab.norptiou  to  take  some 
share  iu  the  entrance  of  the  O  as  well  as  in  the  escape  of  the 
CO,.  A  separate  column  gives  tho  volumes  per  cent,  of  each  gas, 
corresponding  to  these  tensioni*.  This  process  must  occur  before 
the  oxygen  and  the  hicmoglobin  meet,  since  the  latter  i.s  bathed 
in  the  plasma,  and  further  separated  from  the  O  by  the  vessel 
wall  and  epithelium. 
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Internal  Respiration. 

The  arterial  blood,  while  fl()wing  through  the  capillaries  of  the 
systemic  circulation  ntid  i-upplying  the  tissues  with  iiutriinent, 
undergoes  changes  which  nre  called  inlenial  or  tissue  regi>i ration, 
and  which  may  be  shortly  defined  to  be  the  converse  of  pulmonary 
or  external  res])iration.  In  the  external  respiration  the  blood  is 
changed  from  venous  to  arterial ;  whereas  in  internal  respiration 
the  blood  is  again  rendered  venous. 

There  can  now  be  no  doubt  that  these  chemical  changes  take 
place  in  the  tissues  themselves,  and  not  in  the  blood  as  it  flows 
through  ihe  vessels.  The  amount  of  oxidation  that  lakes  place 
in  the  blond  itself  is  indeed  very  small.  The  tissues,  however, 
along  with  the  substances  for  their  nutrition,  extract  a  cert-ain 
part  of  the  (Hroni  ihe  blood.  In  the  chemical  changes  which 
take  place  in  the  tissues,  they  use  up  the  oxygen,  which  rapidly 
disappears,  the  tensiou  of  that  gas  becoming  almost  nil;  at  the 
same  time  other  chemical  changes  are  indicated  by  the  appear- 
ance of  CO,.  The  disappearance  of  the  O  and  the  mnnufacture 
of  CO,  need  not  exactly  correspond  in  amount,  and  they  doubt- 
less- often  vary  in  diflcrent  parts  and  under  different  circum- 
stances. Of  the  iuterutediale  steps  in  the  tissue  chemistry  we 
are  ignorant.  We  do  not  know  the  way  in  which  the  oxygen  is 
induced  by  the  tissues  to  leave  the  hiemoglobiu  ;  we  can  only  say 
that  the  tissues  have  a  greater  affinity  for  O  than  the  hemoglobin 
has,  iinil  they  at  once  convert  the  O  into  more  stable  compounds 
than  oxyhienioglobin,  and  ultimately  manufacture  CO,,  which 
exbts  in  the  tissues  and  fluids  of  the  body  at  a  higher  tension 
than  even  in  the  venous  blood. 


Respiration  of  Abnormal  Air,  etc. 

The  oxygen  income  nod  carbonic  acid  output  are  the  essential 
changes  brought  about  by  respirtiiion,  therefore  the  presence  of 
oxygen  in  a  certain  proportion  is  absolutely  necessary  for  life. 
The  21  per  cent,  of  O  of  the  attuosphere  suffices  to  saturate  the 
hceiDoglobiu  of  the  blood,  and  14  per  cent,  of  O  has  been  found 
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to  be  capable  of  siistaiuing  life  without  producing  any  marked 
change  in  respiration. 

Dyspnoea  is  produced  by  an  atmosphere  containing  only  7.5  per 
cent,  of  O.  This  dyspncea  rapidly  increases  as  the  percentage -of 
O  is  further  decreased,  and  when  it  gets  as  low  as  3  per  cent. 
stiffocatiun  speedily  ensues. 

The  otitput  of  CO,  can  be  accomplished  if  the  lungs  be  venti- 
lated by  any  harmless  or  imlifferent  gas,  and  Siiiice  the  manufacture 
of  the  CO,  does  nut  take  place  in  the  lungs,  its  elimination  can 
go  on  independently  of  the  presence  of  O  in  them.  The  79  per 
cent,  of  N  contained  in  the  atmosphere  has  a  passive  duty  to  per- 
form in  diluting  the  O  and  facilitating  the  escape  of  the  CO,  from 
the  lungs. 

Indifferent  ga*eii  are  those  which  produce  no  unpleasant  effect 
of  themselves,  but  which,  in  the  absence  of  (),  are  incapable  of  sus- 
taining life,  such  as  nitrogen,  liydrogei),  and  CII,. 

Irre»pirable  gages  are  such  as,  owing  to  the  irritating  effect  on  the 
air  passages,  cannot  be  rej*|)irt'd  in  ijuautily,  as  they  cause  instant 
closure  of  the  glottis.  In  small  tinaiiiilies  ihey  irritate  and  pro- 
duce cough,  and  if  persisted  in,  infliiiuniatiun  of  the  air  pas-sages; 
among  these  arc  chlorine,  amrauuia,  ozone,  uitrous,  sulphurous, 
hydrochloric,  and  hydroUuoric  acids. 

FoUouoiis  gates  are  those  which  can  be  breathed  without  much 
inconvenience,  but  when  broujjht  into  union  with  the  blood  cause 
death.  Of  these  there  are  many  varieties.  (1.)  Those  which  per- 
manently usurp  the  place  of  oxygen  with  the  hiemoglobin,  viz. : 
carbon  monoxide  (CO),  hydrocyanic  acid  ( HCN ),  (2.)  Narci>tic : 
{a)  carbonic  dioxide  (CO,),  of  which  10  per  cent,  is  rapidly  fatal, 
1 .0  per  cent,  poisonous,  and  over  0.1  per  cent,  injurious.  (/S)  nitro- 
gen monoxide  {N,0).  Botli  of  these  gases  lead  to  a  peculiar 
asphyxia  without  convulsion.     (>)  chloroform,  ether,  etc. 

(3.)  Sulphuretted  hydrogen  (.H,S),  which  reduces  the  oxyhajmo- 
globiu,  and  produces  sulphur  and  water. 

(4.)  Pbosphoretted  hydrogen  (PH,),  arseniuretted  hydrogen 
(AsH,),  and  cyanogen  gas  (C,N,)  also  have  specially  poisonous 
effects. 
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Ventilation. 


In  the  open  air  the  effect*  of  respiration  on  the  atmosphere  can- 
not be  appreciated,  but  in  inclosed  spaces,  such  as  houses,  roonos, 
etc.,  which  are  occupied  by  many  persons,  the  air  soon  becomes 
appreciably  chiinged  by  their  breathing. 

The  most  important  changes  are  (1)  removal  of  oxygen,  (2) 
increase  in  carbonic  acid,  and  (3)  the  a]>]>earanceof  some  poison- 
ous" niateiials  which,  though  highly  injurious,  cannot  be  deter- 
mined. The  deficiency  in  oxygen  never  causes  any  inconvenience, 
as  it  is  never  reduced  below  what  is  sufficient  (or  the  saturation 
of  the  luemoglobin.  The  excess  of  CO,  seldom  gives  any  in- 
convenience, since  the  air  becomes  disagreeably  fusty  or  stuffy 
from  breathing  long  before  the  amount  of  COj  has  reached  0.1 
per  cent.,  which  amount  of  pure  CO,  can  be  inspired  without 
any  unpleasantness.  It  is,  then,  the  exhalations  coming  from 
the  lungs,  and  probably  skin,  some  of  which  must  have  a  poison- 
ous character,  that  render  the  proper  supply  of  fresh  air  impera- 
tive. 

The  difficulty  of  determining  the  presence  of  the  poisonous 
organic  materials,  makes  it  convenient  to  use  the  amount  of  CO, 
present  in  the  air  as  the  means  of  measuring  its  general  purity. 
We  suppose,  then,  that  the  relation  between  the  poisonous  organic 
ingredients  and  the  CO,  is  constant. 

Air,  which  is  rendered  impure  by  breathing,  becomes  disagree- 
able to  the  sense  of  smell  when  the  CO,  has  reached  the  low  stand- 
ard of  .06  or  .08  per  cent. ;  that  is  to  say,  scarcely  twice  as  much 
CO,  as  is  contained  in  the  pure  atmosphere.  Supposing  that  air 
is  unwholesome  when  its  impurities  are  appreciable  by  (he  senses, 
then,  if  the  animal  body  Ixs  the  source  of  the  CO,,  .06  per  cent,  of 
this  gas  makes  the  air  unlit  for  use. 

An  adult  man  disengages  more  than  half  a  cubic  foot  of  CO, 
in  one  hour  (.6  Parkes),  and  consequently  in  that  time  he  renders 
quite  unfit  for  use  more  than  1000  cubic  feet  of  air,  by  raising 
the  percentage  of  COj  to  .1  (.04  being  initial,  and  .OG  respiratory). 

It  is  obvious  that  the  smaller  the  space  and  the  more  confined, 
the  more  rapidly  will  the  air  become  vitiated  by  respiration.  It 
becomes  necessary  for  health,  therefore,  to  have  not  only  a  certain 
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cubic  spftce  and  a  oeruio  change  of  air  for  each  iadiTidual,  bat 
tbe  cubic  space  and  the  change  of  air  should  bear  to  each  other 
a  eertain  proportion  in  order  that  tbe  air  may  remaio  rafficieatly 
pure. 

The  space  allowed  in  public  institutions  varies  from  500  to  1500 
cubic  feet  per  head  in  such  apartments  as  are  occupied  br  the  io- 
divUlualfl  <Ia7  and  night.  As  a  fiiir  average  1000  cubic  feet  roaj 
be  fixed  as  the  necessary  space  in  a  perfect  hvgienic  arrangement. 
In  onler  to  keep  this  perfectly  wholesome  and  free  from  a  stnflV 
smell,  and  the  CX>,  below  .06  per  cent.,  it  is  necessary  to  supply 
some  2000  cubic  feet  of  air  per  head  per  hour. 

To  give  the  necessary  supply  of  fresh  air  without  introducing 
draughts  or  greatly  reducing  the  temperature  of  the  room  is  no 
easy  matter,  and  forms  the  special  study  of  tbe  hygienic  engineer. 

Asphyxia. 

If  the  proper  supply  of  oxygen  be  by  any  means  withheld  from 
the  blood  so  that  its  percentage  is  reduced  to  a  certain  point,  the 
death  of  the  animal  follows  in  -3  to  5  minutes,  acoompauied  by  a 
aeries  of  phenorncna,  commonly  included. under  the  terra  asphyxia, 
which  may  be  divided  into  four  stages.  1.  Dyspnoea.  2.  Con- 
vulsion.    3.  Kxliituslion.     4.  Inspiratory  spasm. 

If  the  air  passages  be  closed  completely  the  respirations  become 
deep,  labored,  and  rapid.  The  respiratory  efforts  are  more  and 
more  energetic,  and  the  various  supplementary  muscles  are  call«l 
into  play  one  after  the  other,  until  gradually  the  second  stage  is 
rcnnhed  in  about  oue  minute. 

As  the  struggle  for  air  becomes  more  severe,  the  inspiratory 
muscles  lose  their  power,  and  the  expiratory  efforts  become  more 
and  more  marked,  until  tinally  the  entire  body  is  throwu  into  a 
general  convulsion  in  which  the  traces  of  a  rhythm  are  hardly 
apparent.  Thid  stage  of  convulsion  is  short,  the  expiratory  mus- 
cles becoming  suddenly  relaxed  from  exhaustion. 

Then  the  longest  stage  arrives  in  which  the  animal  lies  almost 
motionless,  making  some  quiet  inspiratory  attempts.  These  be- 
come gradually  deeper  and  slower,  until  they  are  nothing  more 
than  deep  gasps  separated  by  long  irregular  intervals. 


ASPHYXIA.  \^1 

The  pupils  of  the  eyes  become  widely  dilated,  the  pulse  can 
hardly  be  felt,  and  the  auiinal  lies  apparently  dead,  when  often 
after  a  surprisingly  long  interval  one  more  respiratoiy  gasp  fol- 
lows, and  with  a  gealle  tremor  the  animal  stretches  itself  in  a 
kind  of  tonic  inspiratory  spasm,  after  which  it  is  no  longer  capa- 
ble of  resuscitation.  This  last  pulseless  stage  to  which  the  term 
asphyxia  is  more  properly  confiDed  is  the  most  irregular  in  dura- 
tion, but  always  the  longest. 

The  blood  of  an  animal  which  has  died  of  asphyxia  is  nearly 
destitute  of  oxygen,  the  htcmoglobin  being  in  a  much  more  re- 
duced condition  than  is  found  in  venous  blood.  The  first  and 
most  obvious  effect  produced  by  (be  i\trcuIation  of  blood  so  defi- 
cient in  oxygen  is  excessive  stimulation  of  the  respiratory  centre, 
which  causes  the  extreme  and  varied  actions  just  described.  At 
the  same  time  the  venous  blood  pa.ssing  thniujj;h  the  systemic 
capillaries  affects  most  profounHly  the  vuso-motor  nerve  mecha- 
nism, so  OS  to  cause  a  rapid  and  considerable  rise  iu  blood  pressure 
in  the  lirst  stage  of  asphyxia.  The  general  constriction  of  the 
small  arteries  may  be  brought  about  by  the  venous  blood  acting 
directly  as  a  stimulus  to  the  medullary  and  spinal  vuso-motor 
centres,  to  the  local  centres,  or  aa  direct  stimulation  of  the  muscle 
cells  of  the  arterioles  themselves.  The  centres  in  the  medulla 
which  govern  the  inhibitory  fibres  of  the  pneuniogastric  are  also 
stimulated,  and  consequently  the  heart  beats  more  slowly.  The 
increase  in  arterial  tension  and  the  slow  beat  give  rise  to  disten- 
sion of  the  ventricle,  which,  when  a  certain  poiut  is  reached,  im- 
pedes the  working  of  the  heart,  and  its  muscle  begins  to  beat  more 
and  more  feebly,  so  that  in  the  third  stage  the  impulse  can  hardly 
be  felt.  The  muscular  arterioles  then  become  exhausted  and  re- 
lax, the  blood  pressure  falls  rapidly,  »nd  with  the  death  of  the 
animal  reaches  zero.  Both  sides  of  the  heart  and  great  vcius  are 
engorged  with  blood  iu  the  last  stage  of  asphyxia  ;  the  cariliac 
muscle,  being  exhausted  from  want  of  oxygen,  is  unable  to  pump 
the  blood  out  of  the  veins,  or  empty  its  cavity. 

Owing  to  the  force  of  the  rigor  mortis  of  the  left,  ventricle,  and 
the  greater  cai)acily  of  the  systemic  veins,  the  left  side  is  found 
comparatively  empty  sonic  time  after  death,  and  at  po»t  mortem 
examination  the  right  side  alone  is  found  overfilled- 
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BLOOD  ELABORATING  QLAND3. 

In  the  preceding  chapters  we  liave  seen  that  the  blnod  un- 
dergoes important  changes  as  it  courses  through  the  ilifTereut 
parts  of  its  circuit.  Where  it  coiues  in  contact  with  the  tissues 
it  yields  to  them  nutrient  material  for  assimilation,  and  oxygen 
for  their  metabolism,  and  carries  away  from  them  some  waste 
products.  lu  the  lungs  it  receives  oxygen  and  gives  off  carbonic 
acid.  While  it  flows  through  the  minute  vessels  of  the  alimentary 
tract  some  of  the  materials  elaborated  by  the  digestion  of  food  are 
absorbed  and  directly  added  to  the  blood  ;  at  the  crmfluence  of 
the  great  veins  in  the  neck  the  !<tream  composed  of  tymph  and 
chyle  is  poured  into  the  blood  before  it  outers  the  heart,  so  as  to 
be  thoroughly  mingled  with  it  on  its  return  from  the  general  cir- 
culation. Moreover,  in  various  glands,  different  substances  are 
used  in  the  manufacture  of  their  secretions. 

Thus  it  is  obvious  that  there  is  a  kiud  of  material  circulation, 
a  constant  income  and  output  going  on  in  the  blood  itself  as  it 
passes  through  the  different  parts  of  the  body.  The  investigation 
of  the  exact  changes  which  take  place  in  the  blood  In  each  organ 
or  part  is  surrounded  with  difficulty,  and  in  many  cases  it  is  quite 
impossible  to  ascertain  what  changes  occur.  In  some  parts  it  may 
be  made  out  by  noting  the  i-esnlts  produced,  or  the  substances 
given  ofi"  or  taken  up  by  the  bli>od,  as  seen  in  the  changes  found 
in  the  air  after  its  exposure  to  the  blood  in  the  lungs,  where  we 
can  definitely  state  that  the  blood  has  lost  or  gained  certain  mate- 
rials, and  is  so  far  altered,  In  other  parts,  such  as  the  muscles 
or  the  ductless  glands,  where  no  doubt  profound  changes  in  the 
blood  occur,  we  have  no  weparate  outcome  which  we  can  analyze, 
and  we  must  therefore  trust  altogether  for  the  elucidation  of  the 
change  going  on  in  them  to  the  differences  which  niay  be  found 
to  exist  in  the  blood  flowing  to,  and  that  ftowing  from  such  an 
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organ.  For  this  purpose  one  can  either  examine  samples  of  the 
blood  from  the  artery  and  vein  of  the  organ,  while  the  ordinary 
circulation  is  going  on,  or  immet^iiately  afler  the  removal  of  the 
organ,  by  causing  an  artificial 
stream  of  blood  to  flow  through 
it;  then  the  changes  brought 
about  in  the  blood  by  its  passage 
through  the  organ  will  give  the 
required  information.  It  can 
be  seen  from  the  foregoing  enu- 
meration of  processes,  that  some 
organs  have  a  double  function 
as  regards  the  blood.  Thus,  in 
the  lung  there  is  both  renova- 
tion by  taking  in  oxygen,  and 
purification  by  getting  rid  of 
carbon  dioxide.  The  textures 
in  their  internal  respiration 
take  the  nutriment  and  oxygen, 
and  give  to  the  blood  CO,  and 
various  other  waste  products  of 
tissue  change. 

Ductless  Glands. 

In    the    preceding   chapters 

the  chief  sources  of  income  to 

the  blood,  viz.,  the  alimentary 

tract  and  the  lungs,  have  been       \r  ^^  .1   „  ,•       r.u   c  1 

=  '  Vertioal  Mection  of  the  nupru-renul 

considered;  and  the  changes  Capsulc.-I.  Cortex.  2.  Medulla, 
the  blood  undergoes  in  its  pas-  a.  Fibrous  rapsule;  4,  External  cell 
sage  throagh  the  tissues  in  the  nmsses;  <;,CoIumnnr  layer;  J,  Internal 
systemic  capillaries  have  cell  masses;  e.  Medullary  subatanee, 
been  alluded  to.  The  eliraioa-  !"  *'''!'''  "^  »  '"K*  ''^'"'  l"'"'^ *«*" 
tiou  of  one  of  the  most  import-  •^' 

ant  outcomes  of  tissue  change,  namely,  CO,,  has  been  described. 
It  has,  further,  been  shown  that  a  great  part  of  the  absorbed 
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nutrient  material  passes  through  a  special  set  of  vessels  called 
the  lacteals  or  lympliatics,  and  in  so  doing  has  to  traverse  pe- 
culiar organs  called  lymphatic  gland.",  where  it  is  no  doubt  modi- 
fied and  has  added  to  it  a  number  of  cells  (lymph  corpuscles) 
which  8ul)seqiiently  are  poured  into  the  large  veins  with  the 
lymph  and  become  important  constituents  of  the  blood. 

There  is  a  certain  set  of  organs,  which  have  but  slight  traits  of 
resemblance  to  one  auother,  and  in  consequence  of  the  want  of 
more  accurate  knowledge  as  to  their  exact  function,  are  com- 

Fio.  157. 


Secliun  of  ilie  Thyroid  GUnd  of  :i  Child,  sliowing  two  cuinplete  sacs  and 
portions  of  otiiers.  The  homogeneooK  colloid  xuliNtance  is  represented  us 
ocni)iying  the  ccntrnl  piirt  oftlip  cavity  of  the  vesicles,  which  are  lined  bj 
even  ciilncul  efiitlieliiim.     (Schiifer.) 

monly  grouped  together  as  ductless  or  blood  glands.  Some  of 
these  are  doubtless  nearly  akin  to  the  lymphatic  glands,  their  duty 
being  the  further  elaboration  and  perfection  of  the  blood.  In 
this  group  are  commonly  placed  the  supra-renal  capsules,  the 
thyroid,  the  thymus,  and  the  spleen. 


SurRA-EENAL   CaI^ULE. 

With  regard  to  the  function  of  the  supra-renal  capsule  we  may 
say  that  nothint;  definite  is  known.  The  cortical  i)art  is  said  to 
resemble  the  lymph  follicles  in  structure,  while  the  central  part, 
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OD  account  of  ita  numerous  peculiar  large  cells,  and  great  rich- 
in  nerves,  has  been  explained  as  belonging  to  the  nervous 
system. 

Thtroid  Body. 
The  thyroid  is  made  up  of  groups  of  minute  closed  saca  im- 
bedded in  a  stroma  of  connective  tissue,  lined  with  a  single  row 


Fifi.  158. 


Fifi.  15(t. 


*"*«T, 


Fto.  158. — Hortioii  of  Thymus  removed  from  its  enTclo[ie  nnd  unravelled 
80  as  to  show  the  InbiilcH  {li,  b)  altachcd  l<>  a  central  band  of  ouuneclive 
tiwiie  (a). 

Fio.  150. — Mni^nified  section  of  a  portion  of  injected  Thyiutis,  ahowtni; 
one  complete  loliule  with  soft  central  part  (ciivity)  (6),  und  p.artii  of  oilier 
lobules,  (Cudiiit.)  (a)  Lymphoid  tissue,  (c)  Bloo<lvesi!ielii.  {d)  Fibrous 
tissue. 


of  epithelium  cells,  and  filled  witii  a  clear  fluid  containing  mucin. 
In  the  adult  the  sacs  arc  commonly  much  distended  with  a  col- 


364 


MANUAL.  OF   PnYSIOLOOT. 


Icid  substance  and  peculiar  crystals,  and  the  epithelium  has  dis- 
appeared from  their  walls.  Although  saiil  to  be  rich  in  lymphat- 
ics and  to  contain  follicular  tissue,  positive  proof  of  the  relation 
of  the  thyroid  body  to  the  lymphatic  system  is  still  wanting. 


P 


Thymus  Gland. 

The  functional  activity  of  the  thymuii  is  restricted  to  that  pe- 
riod of  life  when  growth  takes  place  most  rapidly.  It  is  well 
developed  in  the  fcutus,  and  increases  in  size  for  a  couple  of  years 
after  birth  ;  but  it  gradually  diminishes  in  bulk  and  loses  its 
original  stnicLurc  during  the  later  periods  of  childhood,  so  as  to 
become  completely  degenerated  and  fatty  in  the  adult.  It  is  com- 
posed of  nuinerous  little  follicles  of  lymphoid  tissue  collected  into 
groups  or  lobules  connected  to  a  kind  of  central  stalk.  The 
lymphoid  follicles  of  the  young  thymus  have  some  likeness  to 
those  of  the  intestinal  tract,  but  they  differ  from  these  agminate 
glands  not  only  in  arrangement  but  also  in  having  small  peculiar 
nests  of  large  cells  (corpuscles  of  Has.sall)  in  the  midst  of  the 
adenoid  tissue  of  which  they  are  made  up. 
On  account  of  the  structure  of  the  lobules 
being  so  nearly  identical  with  that  of  a 
lynipathic  gland,  and  from  its  great  richness 
in  lymphatic  vessels,  the  thymus  is  said  to 
Iw  related  to  the  lymphatic  system,  and  is 
supposed  to  pluy  an  important  part  in  the 
elaboration  of  the  blood  during  the  earlier 
stages  of  animal  life. 


Fig.  160. 


J* 

V 

'■■» 

ElementH  of  Thy 
inuH  (liigh  power) 
(Oadiiit,)  (<i)  Lynipli 
corpitBcles.  (6)  E[n 
thfloiJ  nestH  of  Wxa- 
sail. 


Spleen. 

The  spleen  also  resembles  a  lymphatic 
organ  in  structure,  but  differs  from  it  in  the 
relation  borne  by  the  blood  to  the  elements 
of  the  follicular  tissue.     It  is  incased  in  a 

strong  capsule  made  of  fibrous  tissue  and  unstrialed  muscle  cells. 

From  this  many  branching  prolongations  pass  into  the  substance 
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of  the  organ,  so  as  to  traverse  the  soft  reel  spleen  pulp.     In  these 
trabeculte   or   prolungatioiis   from    the   capsule   are   found   the 


Fio.  162. 


(a)  Trabeculte  of  the  Spleen.     (4j  Artery  cut  obliquely.     (Csdiat) 

branches  of  the  splenic  artery,  dividing  into  smaller  twigs  with- 
out anaaloraosis.  On  leaving  the  trabeculse  the  arteries  break  up 
suddenly  into  a  bru.sh-like  series  of  small  branches,  ending  in 
capillaries  wliich  are  lost  iu  the 
pulp  where  the  small  veius  may 
be  seen  to  commence. 

Between  the  trabecule  are 
found  two  distinct  kinds  of  tissue  : 
(1)  Rounded  masses  of  lymphoid 
tissue,  which  are  here  and  there 
scattered  through  the  organ  (Mai- 
pighiau  corpuscles) ;  aud  (2)  the 
peculiar  soft  splenic  pulp. 

The  small  rounded  masses  of 
lymph  follicular  tissue  are  situated 
on  the  course  of  the  fine  arterial 
twigs.  The  delicate  adenoid  re- 
ticulum which  holds  the  lymph 
cells  together,  is  intimately  con- 
nected with  the  vessel  wall.  The  pale  appearance  of  these  folli- 
cles, which  distinguishes  them  from  the  surrounding  splenic  pulp. 


Ketieiiliim  i)f  ihe  Spleen  Pulp 
injected  with  oo]orlei»  gelatine. 
(Cadiat.) — (u)  Menhes  made  of  en- 
dothelium. (6)  Lacunar  spaces, 
through  which  the  blood  flows. 
(e)  Nuclei  of  entlotbelium. 
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depends  on  the  Dumber  of  the  white  cells  which  are  packed 
the  meshes  of  this  perivascular  adenoid  tissue. 

The  splenic  pulp  consists  of  a  system  of  conimtioicatiug  lacunar 
spaces  lined  with  endothelium.  Into  these  ."paces  the  blood  is 
poured  from  the  arteries,  and  thus  mingles  with  vast  numbers  of 
white  cells.  Besides  the  ordinary  blood  disks  and  the  white  cor- 
|>uscle»  or  lymph  cells,  many  peculiar  cells  are  found  in  the  spleen 
pulp.  Some  of  these  look  like  lymph  cells  contaioing  little  masses 
of  hiemoglubin,  and  ap|)ear  to  be  transitions  from  the  colorless 
In  the  red  corpuscles,  whilst  others,  small,  misshapen,  red  cor- 
puscles, are  regarded  as  steps  iu  a  retrograde  change  in  the  disks. 
But  few,  if  any,  lymph  channels  lead  from  the  spleen  pulp,  and 
only  a  relatively  small  number  pass  out  from  the  hilus,  so  that 
the  splenic  artery  and  vein  must  be  regarded  as  taking  the  place 
of  the  afl'erent  and  effcreut  lymph  channels. 

Chemical  cxumination  shows  the  splenic  [uilp  to  have  remark- 
able peculiarities.  Although  so  full  of  blood,  which  is  generally 
alkaline,  the  .'^plceii  is  acid  in  reaction,  and  contains  a  great  i]uaD- 
tity  of  the  oxidatioti  products  (.so-callftl  extractives)  commonly 
found  as  the  result  of  active  tissue  change.  The  chief  of  these 
arc  uric  acid,  leucin,  xantliin,  liypoxanthin,  inosit,  lactic,  formic, 
succinic,  acetic,  and  butyric  acids.  It  also  contains  numerous 
pigments,  rich  in  carbon,  but  little  kn')wn,  which  are  probably 
the  outcome  of  destroyed  hicnioglobin.  A  peculiarly  suggestive 
constituent  is  an  iilbumiuous  body  containing  iron.  The  osb  is 
found  to  contain  a  considerable  (luantity  of  oxide  of  iron,  to  be 
rich  iu  pho.spliatejs  and  soda,  with  but  small  quantities  of  chlorides 
and  potassium. 

If  the  blood  flowing  in  the  artery  to  the  spleen  be  compared 
with  that  in  the  vein,  the  difference  gives  us  the  changes  the 
blood  has  undergone  in  the  organ,  and  hence  is  of  great  import- 
ance. In  the  blood  of  the  vein  la  found  an  enormous  increase  in 
the  number  of  the  while  corpu.scles  (1  white  to  70  red  in  the  vein, 
as  against  1  to  2000  in  the  splenic  artery).  The  red  corpuscles 
from  the  vein  are  smaller,  brighter,  less  flattened  than  those  of 
ordinary  blood  ;  they  do  not  form  rou/eaiij:,  and  are  more  capable 
of  resisting  the  injurious  influence  of  water.     The  blood  of  tho 
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(to  cxiDUua  aa 
of  tin 

The  ■■■■III  rf 
tiof*.    ffklij  aftii 
enlar]^  ^arimg  dhe 
spleen,  wluA  mat  W  tafcsa 
also  altered  bj  aaay 


too  of  water,  uiul 
acid  aod  other  protiiicti 


greatly  At  (lifTunBiit 
turgid  ami  rrrnaiiis 
of  digestion.  Tbo  *itu  of  tlis 
Mcasare  of  its  blood  conlanta,  la 
eoodiUotM  of  iho  bloo<l.    Thu«, 


» 


in  all  kinds  of  fever.  partJenlarlj  ague  and  typhoid,  and  in  *yph- 
ilis,  tbesplcea  heeaacs  tafgid,  and  in  sumu  of  llieso  diMa«WM  ll 
remains  swolleB  tar  tame  diae.  In  a  runiHrkable  diteass,  IsuoO" 
(TtlueBiiB,  in  whiek  tke  vkite  bloo<l  colls  nri!  Kf^^^utly  in'Teasad 
in  naaler,  and  fhe  red  ones  are  compiirutivriy  diiuiniiilii'd,  tha 
spleen,  in  company  with  the  lymphatic  ^liindx,  \»  ufti-ii  found  Ui 
be  prufuondly  altered  and  diseased,  and  commonly  immcUM^Iy  wn- 
larf^  ;  bat  on  the  other  hand,  advanced  amyloid  •li'xi'iK'i'Mlinn 
of  the  fpleen  may  occur  without  any  notiiljjr  uUcriil.ixii  liiltinK 
place  in  the  number  or  properties  of  the  blood  i-orpnarli;*. 

The  rpleeu  may  be  removed  from  tho  body  without  any  nmrliRd 
changes  taking  place  in  the  blood  or  thi>  economy  KKnunilly.  1 1 
is  raid  that  if  an  animal  whose  splcun  in  (<xtir|)at«i<l  lio  alloMriiil 
to  live  for  a  certain  time,  the  lympluitiu  k'**'"'*  inurtisjui  in  sIm« 
or  become  swollen. 

In  attempting  to  assign  a  definite  function  to  ths»|>l(M<n,  all  tha 
foregoing  facts  must  be  carefully  rovit>wu<l,  and  thu  pci-uliurity  of 
its  (1)  ftrueiure,  (2)  chemical  componilion,  (<*))  ihiifliuwji'ii  llif  hliwil 
undergoes  while  flowing  tliroiigii  it,  (4;  thu  ninutiunii  in  blmid 
fiippttj  which  follow  noruiiil  and  puthologicul  clmn^ea  in  tha 
economy,  and  (5)  the  absence  of  ulltsct  following  iu<  r.xlirpalion, 
must  all  be  boruc  in  mind. 

Its  structure  teaches  n*  that  it  in  inliirnittdy  ridul<;d  to  lymphatic 
glands.  The  Malpigliiaii  bodie»  arn  Niiiiply  lyiiij)!)  follicles,  and 
the  pulp  may  be  regarded  as  a  HiiiiiM  like  tlutt  of  u  lymph-gland, 
with  this  difference  that  it  in  lravcr)ii.-d  by  lilood  iiiKt<md  of  lymph. 
The  cell  elements  found  in  it  indioiilc  ihut  not  only  white  cells  are 
rapidly  generated,  but  also  that  these  cells  have  some  i>eruliar 
relationship  to  haemoglobin,  as  they  are  ollcn  found  to  contain 
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some.  The  varieties  id  size,  form,  and  general  appearance  of  the 
red  corpuscles  can  be  accounted  for  by  either  their  destruction  or 
their  formation  occurring  in  this  organ. 

Its  chemical  composition  also  shows  that  certain  special  changes 
go  on  in  the  pulp,  and  that  probably  stages  of  the  construction 
or  destmction  of  hiemoglobin  are  here  accomplished  may  be 
inferred  from  the  peculiar  association  of  iron  with  albuminous 
bodies. 

From  the  characters  of  the  blood  flowing  from  the  spleen  it 
has  been  argued   that,  besides  an  enormous  production  of  white 


Fia.  103. 


•^^I^etion  of  Spleen  llirougli  a  lymph  follicle  ( Malpighian  bodv)  (a)  injected 
ts  (liow  the  veiiscl ;  (e)  entering  the  follicle,  the  lymphoid  tiRsiie  of  which  is 
pale  in  cuinparison  with  the  pulp  (i),  the  nioshes  of  which  are  lille<l  with  in- 
jection.    (Ouliat.) 

corpuscles,  the  destruction  of  the  red  disks  goes  on,  while  some 
new  disks  are  formed,  probably  by  means  of  the  white  cells  mak- 
ing haemoglobin  in  their  protoplasm,  which,  gradually  disappear- 
ing, leaves  otily  the  red  mass  of  hseraoglobin. 

The  increased  activity  of  the  spleen  after  meals,  and  in  certain 
abnormal  states  of  the  blood,  as  shown  by  its  containing  more 
blood,  distinctly  points  out  that  some  form  of  blood  elaboration 
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goes  on  iu  it,  which  is  Dearly  related  to  or  associated  with  nutri- 
tion. 

The  swelling  of  the  lymphatic  glaiids  after  extirpation  of  the 
spleen  confirms  its  relation  to  these  organs,  and  the  fact  is  undis- 
puted that  it  is  a  source  of  the  white  corpuscles  of  the  blood  ; 
but  the  paucity  of  evidence  atlter  this  operation  as  to  changes  in 
the  number  or  character  of  the  red  disks  proves  that  if  the  spleen 
be  either  the  place  of  origin  or  destruction  of  the  red  corpuscles 
it  cannot  be  the  only  organ  in  which  they  are  produced  or  de- 
stroyed. 

Glyc<x»enic  Function  of  thk  Livek. 

Of  all  the  organs  that  modify  the  com pasi tion  of  the  blood  as 
it  flows  through  them,  the  liver  plays  the  most  important  part  in 
elaborating  the  circulating  Hutd.  The  elimination  of  the  various 
constituents  of  the  bile,  wliiuh  has  already  been  mentioned  as 
necessary  for  the  purification  of  the  blood,  and  useful  in  aiding 
absorption,  is  probably  but  a  secondary  function  of  this  great 
gland.  The  production  of  a  special  material — animal  starch — 
essential  to  the  nutrition  and  growth  of  the  texture  is,  iu  all 
probability,  the  main  duty  of  the  liver  cells,  and  possibly  the 
constituents  of  the  bile  are  but  tbe  by-products  which  must  be 
got  rid  of,  resulting  from  the  chemical  processes  of  tbe  manu- 
facture. 

In  the  chapter  on  the  digestive  secretions  the  structure  of  the 
liver  was  mentioned,  and  attention  was  directed  to  the  peculiari- 
ties of  its  double  blood  supply.  A  relatively  small  arterial  twig 
takes  blood  to  it  froru  the  aorta,  while  the  great  portal  veins  dis- 
tribute to  it  all  that  large  supply  of  blood  which  flows  through 
the  inte.stiual  tract  and  the  spleeu. 

The  blood  in  the  vena  porta  during  digestion  can  hardly  bo 
called  venous  blood,  for  much  more  passes  through  the  intestinal 
capillaries  when  digestion  is  going  on  than  is  necessary  for  the 
nutrition  of  the  tissue  of  tbe  intestinal  wall.  The  portal  blood 
is  further  to  be  distinguished  from  ordinary  venous  blood  from 
the  fact  that  it  has  just  been  enriched  with  a  quantity  of  tbe  sol- 
Si 
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uble  materials  taken  from  the  intestinal  canal,  namely,  proteids, 
sugar,  salts,  and  probably  some  fats;  and  it  has  been  profoundly 
modified  by  the  changes  taking  place  in  the  spleen. 

It  is  from  this  blood  that  the  )iver-cellg  manufacture  the  starch- 
like substance  above  mentioned.  This  substance  was  discovered 
by  Claude  Bernard,  and  called  by  him  Glycogen,  on  account  of 
the  great  facility  with  which   it  is  converted  into  sugar  iu  the 

Fio.  164. 


Diagram  nf  [he  I'ort.-il  Vein  (;)«)  nrisin^   in  the  alimentary  tract  and 
spleen  («),  and  carrying  Uie  hlood  from  these  organs  to  tl»e  liver. 


presence  of  certain  ferments  which  exist  in  the  liver  itself  and  iu 
inost  tissues  after  death.  Shortly  after  the  death  of  an  animal 
the  tifeue  of  the  liver,  and  also  the  blood  coutniued  in  the  hepatic 
veins,  are  extremely  rich  in  sugar,  which  hits  been  Ibrmed  by  the 
fermentation  of  the  hepatic  glycogen.  The  quantity  of  sugar  is 
,D  proportiou  to  tho  length  of  time  that  has  elapsed  since  the 
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death  of  the  nuinial,  and  is  minimal,  if  not  nil,  if  the  liver  or 
hepatic  blood  be  taken  for  exaraiuatioii  while  the  timue  elements 
are  still  alive. 

The  jieculiar  blood  of  the  great  portal  vein  coming  from  the 
stomach,  inte.sliiie.s,  and  the  spleen,  has  then  to  pass  through  a 
second  set  of  capillaries  in  the  liver,  and  uuderjfoesauch  important 
changes  that  this  organ  must  be  regarded  as  occupying  a  foremc)st 
position  among  the  blood-glands.  Dilfereucea  of  the  utmost  im- 
portance have  long  been  thought  to  exist  between  the  blood  going 
to  and  that  coming  from  the  liver,  and  to  it  has  even  been  attrib- 
uted paramount  ntility  as  a  blood  elaborator;  but  the  scientific 
knowledge  of  its  power  in  this  respect  must  date  from  the  dis- 
covery of  its  glycogenic  function. 

Glycogen  is  a  substance  nearly  allied  to  starch  in  its  chemical 
composition,  and  is  converted  with  great  readines««  into  grape- 
sugar  by  the  action  of  certain  ferments  and  acids.  Many  of  the 
animal  texinres  contain  these  ferments,  among  others  the  liver 
itself,  at  least  when  it«  tissue  is  d3'ing  ;  and  consequently  the  liver 
with  the  blood  coming  from  it  (if  examined  in  an  animal  some 
time  (lead )  does  not  contain  glycogen,  but  sugar  which  has  been 
formed  from  it.  If  a  piece  of  liver  taken  from  an  animal  imme- 
diately after  it  is  killed  be  plunged  into  boiling  water,  so  as  to 
check  the  action  of  the  ferment,  no  trace  of  sugar  is  found  in  it, 
but  only  glycogen.  After  the  lapse  of  a  little  time  another  piece 
of  the  same  liver,  which  has  lain  at  the  ordinary  room  tempera- 
ture, will  give  abundance  of  sugar. 

The  mode  of  preparation  of  glycogen  depends  upon  the  fore- 
going facte.  The  perfectly  fresh  liver  taken  from  an  animal 
killed  during  digestion  is  rapidly  subdivided  in  boiling  water. 
When  the  ferment  has  been  destroyed  by  heat  the  pieces  of  liver 
are  rubbed  up  to  a  pulp  in  a  mortar,  and  then  reboiled  in  the 
same  Huid.  The  liquor  is  then  filtered,  and  from  the  filtrate  the 
albuminous  substances  are  i)rccipitated  with  potassio-mercurio 
iodide  and  hydrochloric  acid,  and  removed  on  a  filter.  From 
this  filtrate  the  glycogen  may  be  precipitated  by  alcohol,  caught 
on  a  filter,  washed  with  ether  to  remove  fat,  and  dried. 

Glycogen  thus  prepared  is  a  white  powder,  forming  an  opalcs- 
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cent  sulutiun  in  water,  which  becomes  clear  on  the  addition  of 
caustic  alkalies.  It  ia  insoluble  in  alcohol  and  ether.  With  a 
solution  of  iodine  it  gives  a  wine-red  color,  and  not  blue,  like 
starch,  which  it  otherwise  much  resembles  in  chemical  relation- 
ahip. 

niycogen  has  been  fouud  in  many  other  parts  besides  the  liver, 
namely,  in  all  the  tfssues  of  the  embryo,  and  in  the  muscles,  tes- 
ticles, inflamed  organs,  and  pus  of  adults;  in  short,  where  any 
very  active  tissue  change  or  growth  is  going  on,  some  traces  of 
glycogen  cau  be  found. 

The  amount  of  glycogen  in  the  liver  depends  in  a  great  mea- 
sure on  the  kind  and  quantity  of  food  xiMid.  It  rapidly  increases 
with  a  full,  and  decreases  with  a  spare  diet,  and  it  slowly  falls  to 
nil  after  prolonged  starvation.  The  formation  of  glycogen  is 
much  more  dependent  on  the  carbohydrate  foorl  than  on  the  pro- 
teid,  for  it  rapidly  rises  with  increase  in  the  quantity  of  sugar 
taken,  and  falls,  as  in  starvation,  when  pure  protei<l  (fibrin)  with- 
out any  carbohydrate  is  used  either  with  or  without  lat.  Although 
the  large  supply  of  glycogen  normally  manufactured  in  the  liver 
is  probably  derived  from  the  sugar  of  the  food,  we  must  not  con- 
clude from  this  that  tiie  liver  cells  cannot  make  glycogen  from 
other  materials.  Possibly  anything  that  suffices  for  the  nutrition 
of  their  own  protoplasm  enables  the  cells  to  produce  glycogen. 
The  slowness  with  which  glycogen  disappears  in  starvation  would 
seem  to  point  to  this. 

The  ultimate  destiny  and  uses  of  glycogeu  are  still  vexed  quee- 
tious.  Much  trouble  has  been  taken  to  decide  whether  it  is  con- 
verted into  sugar,  and  as  such  carried  ofl"  by  the  blood  to  the 
tissues.  One  set  of  observers  deny  the  existence  in  the  living 
tissues  of  the  amylolytic  ferment  uecessary  for  its  couversion  into 
sugar,  and  think  that  it  is  distributed  simply  as  glycogen  to  the 
tissues ;  while  others  say  that  it  is  gradually  changed  to  sugar 
before  it  is  carried  off  in  the  hepatic  veins. 

The  difficulty  of  determining  the  exact  amount  of  sugar  in  the 
blooti  with  sufficient  accuracy  may  account  for  the  remarkable 
disparity  of  opinion  on  this  subject,  and  makes  this  a  very  unsat- 
sfactory  means  of  determining  the  use  or  destiny  of  glycogen. 
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In  fact,  the  whole  controversy  seems  idle,  Tor  the  real  questiot 
are,  not  whether  the  glycogen  is  distributed  to  the  tissues  as  soga. 
or  not,  but  ia  the  glycogen  distributed  to  the  tissues  as  a  genen 
carbohydrate  uutritiTe,  or  is  it  to  be  regarded  as  a  step  iu  tLe 
manufacture  of  some  other  material  by  the  liver  oells;  in  other 
word^,  is  the  glycogen  of  the  liver  a  store  of  special  animal  carbo- 
hydrate to  be  kept  till  called  for,  or  is  it  a  stage  in  the  forinati< 
of  fat  ? 


CHAPTER  XXI. 


SECRETIONS. 


The  secretions  which  are  poured  into  the  alimentary  tract  have 
been  already  described  in  the  chapter  on  digestion.  There  are 
other  glands  which  can  now  be  conveniently  considered,  since  they 
more  or  less  alter  the  blood  flowing  through  them,  and  thus  may 
be  said  to  aid  slightly  in  the  perfect  elaboration  of  that  fluid. 
They  are,  however,  subservient  to  very  difleretit  functions;  some 
having  merely  loeal  offices  to  perform,  and  others  having  duties 
allotted  to  them  of  the  greatest  general  importance  to  tlieeconomy. 
This  becomes  obvious  from  a  glance  at  the  following  enumeration 
of  the  remaining  glandular  organs. 

Secreting  glands  (other  than  those  forming  special  digestive 
juices) : 

Lachrymal. 

Mucous. 

Mammary. 

Sebaceous. 


Excreting  glands : 


Sudorific. 
Urinary. 


I 
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SURFACE  GLANDS. 
Lachrymal  Glands. 

Most  vertebrate  animals  that  live  in  air  have  a  gland  in  con- 
nection with  the  Burfttce  of  their  eyes,  which  secretes  a  thiu  fluid 
to  moisten  the  conjunctiva.  This  fluid  commonly  passes  from 
the  eye  into  the  nasal  cavity,  and  supplies  the  inspired  air  with 
moisture. 

The  lachrymal  fluid  is  clear  and  colorless,  with  a  distinctly  salty 
taste  and  alkaline  reaction.     It  contains  only  about  1  per  cent,  of 
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solids,  in  which  can  be  detected  some  albumin,  mucus,  and  fat 
(1  per  cent.),  epithelium  (1  per  cent.)  as  well  as  sotlium  chloride 
and  other  salts  (.8  per  cent.). 

The  secretion  is  produced  continuously  in  small  amount,  but  is 
subject  to  such  considerable  and  sudden  increase,  that  at  times  it 
cannot  all  escape  by  the  nasal  duct,  but  is  accumulated  in  the  eyes^ 
until  it  overflows  to  the  cheek  as  teara.  This  excessive  secretion 
may  be  induced  by  the  applicatiou  of  stimuli  to  the  conjunctiva, 
the  lining  membrane  of  the  nose,  or  the  skiu  of  the  face,  or  by 
strong  stinuilation  of  the  retina,  aa  when  one  looks  at  the  sun.  A 
similar  increase  of  secretion  follows  certain  emotional  states  con- 
sequent on  grief  or  joy.  These  facts  show  that  the  secretion  of  the 
gland  is  under  nervous  control,  the  impulses  stimulating  secretion 
commonly  starting  either  from  the  periphery,  and  passing  along 
the  sensory  branches  of  the  fifth  or  along  the  optic  nerve,  or 
from  the  emotional  centres  in  the  brain,  and  arriving  at  the 
gland  in  a  reflex  manner.  The  amount  of  secretion  can  also 
be  augmented  by  direct  stimulation  of  the  lachrymal  nerves, 
so  that  in  all  probability  these  are  the  efferent  channels  for  the 
impulse. 

Mucous  Glands. 

In  connection  with  mouth  and  stomach  secretions,  mention  has 
been  made  of  glands  which  are  elongated  saccules  lined  with  re- 
fracting cells  (Fig.  165).  They  are  distributed  over  all  mucous 
membranes,  and  are  the  chief  source  of  the  thick,  tenacious,  clear, 
alkaline,  and  tasteless  fluid  called  mucus. 

This  material  contains  about  5  percent,  of  solid  matters,  of  which 
the  chief  is  mucin,  the  characteristic  material  of  mucus,  which 
swells  up  in  water  and  gives  the  peculiar  tenacity  to  the  fluid. 
It  is  precipitated  by  weak  mineral  and  acetic  acids ;  and,  as  the 
precipitate  witli  the  latter  does  not  redissolve  in  an  excess,  this 
acid  becomes  a  good  test  to  distinguish  it  from  its  chemical  allies. 
Mucin  is  not  precipitated  by  boiling.  Mucus  also  contains  traces 
of  fat  and  albumin,  and  inorganic  salts,  viz.,  sodium  chloride, 
phosphates  and  sulphates,  and  traces  of  iron. 

The  fluid  is  secreted  either  by  the  special  mucous  glands,  or  it 
may  be  produced  by  the  epithelium   of  the   mucous  surfaces. 
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The  cells  produce  in  tbeir  protoplasm  a  quantity  of  the  secretion, 
which  may  often  be  seen  to  swell  them  out  to  a  considerable 
extent.  This  clear  fluid  is  then  expelled,  and  the  altered  cells 
are  repairetl  or  replaced.  Many  elemeots,  like  the  remains  of 
epithelial  cells,  are  found  in  tbe  secretion ;  and  also  round  nu- 
cleated masses  of  protoplasm  similar  to  white  hlood  corpuscles, 
afler  the  imbibition  of  water.  In  the  abnormal  secretion  of  a 
mucous  surface   during  inflammation  these  mucous  corpuscles 


Fio.  165. 


Section  of  llie  Miicoiiu  Membrane  of  upper  part  of  nasal  cavity,  shoiriDg 
nnmeroiia  Mucous  Glands  ciil  in  varii)ii»direelions. — a,  Surface  epithelium ; 
h,  gland  snccule;  c,  couneiaivi.-  tissiie  lined  with  secreting  cells.     (Cadiat.) 


are,  as  well  as  the  general  amount  of  secretion,  enormously  in- 
creased, »n  that  the  secretion  may  become  opaque,  and  may  appear 
to  be  purulent. 

The  chief  object  of  the  secretion  seems  to  be  to  protect  the  mu- 
cous surfaces,  which  are  rich  in  delicate  nerves  and  vessels,  and 
are  subjected  to  many  injurious  influences  of  a  chemical  or  me- 
chanical nature.  It  is  analogous  to  the  keratin  of  the  epidermis, 
may  be  regarded  as  an  excretion,  since  it  ia  nut  absorbed,  but 
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is  cast  out  from  the  mucous  passages,  and  passes  from,  the  intes- 
tioal  tract  with  the  faeces,  and  from  the  air-passages  as  sputum, 
etc. 

Sebaceous  Glands. 

These  belong  to  the  outer  skin,  and  commonly  open  into  the 
follicles  of  the  hairs,  but  also  appear  on  the  free  surface  of  the  lips 
and  prepuce,  etc.,  where  uo  hairs  exist. 

The  secretion  cannot  be  collected  in  great  quantity  in  a  normal 
condition,  but  as  far  as  can  be  made  out,  it  is  composed  of  neutral 

Fki.  MM'i. 


Section  uf  tjkin  uliowing  the  roots  of  three  hairti  and  two  Inrge  sebaceoim 
glands  (d).     (Cadiat.) 


fat,  soap,  and  an  albuminous  body  allied  to  casein,  and  organic 
salts  and  water,  about  60  per  cent. 

The  secretion  seems  lo  be  uinde  up  of  the  remains  of  epithelial 
cells  which  are  thrown  off  from  the  inner  surface  of  the  glands, 
while  they  arc  undergoing  a  peculiar  kind  of  fatty  degeneration. 
These  cells  gradually  get  quite  broken  down  during  their  sojourn 
in  the  gland  alveoli,  and  the  secretion  is  finaily  pressed  out  by 
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the  smooth  muscle  band  which  commonly  embraces  the  gland  and 
squeezes  it  against  the  hair  follicle. 

This  secretion,  the  use  of  which  i?  to  lubricate  the  surface  with 
a  fatty  material,  is  cast  off  with  the  desqiinmatcd  epithelium  and 
the  hairs.  The  Meibomian  glands  of  the  eyelids  are  aualogous 
structures,  and  are  specially  elaborated  for  the  lubrication  of  the 
ciliary  margin.  The  glands  about  the  prepuce  and  clitoris  are 
also  analogous  to  the  sebaceous  gland.s ;  in  some  animals  they  se- 
crete a  peculiarly  odoriferous  material  (Castor). 

Mammary  Glands. 

The  secretion  of  milk  only  takes  place  under  certain  circum- 
stances, and  continues  only  for  a  limited  period,  As  the  name  of 
the  gland  implies,  tliey  are  present  in  all  mammalian  animals. 
The  activity  of  the  gland  commences  in  the  latter  stages  of  preg- 
nancy, and  then  continues,  if  the  secretion  be  regularly  withdrawn 
from  the  gland,  for  some  9  to  12  months. 

During  pregnancy  the  breasts  uudergo  certain  preparatory 
changes  prior  to  the  appearance  of  the  milk.  They  increase  in 
bulk  owing  to  their  greater  blood  supply,  and  by  certain  changes 
in  the  cell  elements  of  the  glauds,  which  are  compound  saccular 
glands.  Each  breast  contains  a  series  of  some  ten  to  twelve 
glands  with  distinct  ducts,  upon  which  are  dilatations  that  act  as 
reservoirs,  iu  which,  during  active  lactation,  the  secretion  is  stored 
until  it  is  needed. 

The  alveoli  arc  chiefly  saccular  in  form,  and  are  lined  with  a 
single  layer  of  glandular  epithelium,  and,  during  active  lactation, 
contain  but  little  fat,  though  in  the  later  stages  of  pregnancy 
before  the  secretion  is  established  the  cells  contain  (|uautities  of 
large  fat  globules. 

Milk  is  a  yellowish-white,  perfectly  opaque,  sweetish  fluid,  with 
an  alkaline  reaction,  and  a  specific  gravity  of  about  1030.  When 
exposed  to  the  air,  particularly  in  warm  weather,  the  milk  soon 
loses  its  alkaliuity,  first  becoming  neutral,  and  then  markedly 
acid ;  the  milk  is  then  said  tu  have  "  turned  sour,"  but  its  ap- 
pearance is  not  greatly  changed.  When  it  has  stood  a  very  long 
time  it  may  crack  or  curdle,  and  separate  into  two  parts,  one  a 
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thick,  white  curd,  nnd  the  other  a  liiiti,  jellowish  fluid.  This 
turning  sour  and  ultimate  curdling  depends  upon  a  change  brought 
about  in  one  of  its  most  important  constitueut-s,  immely,  railk- 
sugar,  b)'  means  of  a  prucess  of  fermentation.  The  milk-sugar, 
in  the  presence  of  certain  fornas  of  bacteria,  ferments,  and  gives 
rise  to  lactic  acid.  When  the  ijunntity  of  lactic  acid  is  suffi- 
cient, it  not  only  makes  the  milk  sour,  but  also  precipitates  an- 
other of  it^  important  con.stituenta,  namely,  casein.  This  albu- 
minous body  in  its  eoagtilalion  entangles  the  fat  of  the  milk,  and 

Fig.  167. 


Section  of  Mummary  Gland  during  active  Jaclation  (human). — (o)  Siic- 
ciileti  lined  with  regular  epitlielium.  (&)  Connective  tituiie  between  the 
alveoli.     (Cudiat.) 

we  have  thus  formed  the  curd  of  cracked  milk,  whilst  the  whey 
consists  of  the  acid,  salts,  and  remaining  milk-sugar. 

Although  the  curdling  of  milk  depends  on  the  coagulation  of 
an  albuminous  body,  it  is  never  produced  by  boiling  fresh  milk, 
because  the  chief  proteid  is  casein,  a  form  of  derived  albumin 
(alkali-albumin),  which  does  not.  coagulate  by  heat. 

When  milk  is  preserved  from  impurities,  and  kept  in  a  cool 
place,  a  thick,  yellow  film  soon  collects  on  the  top  of  the  fluid  ; 
the  thickness  of  this  layer — the  cream — may  be  taken  as  a  rough 
gauge  of  the  richness  of  the  luilk,  for  milk  consists  of  a  fine 
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emulaioo  of  fat,  the  Baspended  particles  of  which  are  kept  from 
runniog  together  by  a  superficial  coating  of  dissolved  casein. 
When  left  at  rest,  the  light,  fatty  particles  float  to  the  top  and 
form  the  cream. 

When  the  mammary  glands  commence  to  secrete,  the  milk 
contains  numerous  peculiar  structural  elements  which  finally  quite 
disappear  froui  the  secretion,  but  which  are  of  considerable  in- 
terest in  relation  to  the  physiological  process  of  the  secretion. 
These  are  the  colostrum  corpuscles,  which  consist  of  large  spheri- 
cal masses  of  fiue  f'at-globulea  held  together  by  the  remains  of  a 
gland  cell,  which  incloses  the  fat-globules  as  a  kind  of  sac  or 
case,  and  in  which  at  times  a  nucleus  can  be  made  out. 

The  most  remarkable  point  about  the  chemical  composition  of 
milk  as  a  secretion  is  the  large  proportion  of  proteid  and  fat  it 
contains.  It  appears  that  there  are  two  distinct  albuminous  bodies 
present,  viz.:  eatein,  which  appears  identical  with  alkali-albu- 
min, and  another  form  of  albumin  allied  to  tenivi-albumin.  The 
fats  are  present  io  the  shape  of  globules  of  various  sizes,  being  in 
the  condition  of  a  perfect  emulsion,  as  above  stateil.  They  con- 
sist of  glycerides  of  palmitic,  stearic,  and  oleic  acids. 

The  milk-sugar  is  very  like  glucose  or  grape-sugar,  but  not  so 
soluble.    It  has  the  peculiarity  of  undergoing  lactic  fermentation. 

Of  the  inorganic  constituents  of  milk  the  most  important  are 
sodium  chloride,  and  jjhospliates  and  carbonates  of  the  alkalies; 
and  it  is  a  remarkable  fact  that  the  potash  compounds,  which  are 
the  most  abundant  iu  the  red  blood  corpuscles,  are  present  in 
greater  quantity  than  those  of  soda. 

The  following  table  shows  the  composition  of  huniau  milk,  a 
comparison  of  which  with  that  of  some  domestic  animals  will  be 
found  on  page  94: 

Albumin, 30.24 

Fat, 26.66 

Milk  sugar 43.04 

Salts, 1.38 

110.92 
Water, 889.08 

1000.00 
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The  relative  quantity  of  the  several  ingredients  of  milk  varies 
with  the  kind  of  diet  used.  A  vegetable  diet  increases  the  per- 
centage of  sugar,  but  diminishes  that  of  the  other  constituents,  and 
also  the  general  quantity  of  milk.  A  rich  meat  diet  increases 
both  the  general  quantity  and  the  percentage  of  fats  and  proteids. 

The  quantity  of  nnilk  secreted  iu  the  twenty-four  hours  is 
extremely  variable  in  different  individuals  and  under  different 
circumstances  in  the  same  individual ;  the  average  iu  general 
being  about  two  pints. 

The  amount  of  the  different  materials  in  milk  varies  under  the 
following  rules.  The  proportion  of  albumin  increases  as  the  milk 
sugar  decreases,  and  the  fat  remains  the  same  as  the  period  of 
lactation  advauces.  The  portions  of  milk  last  drawn  are  much 
richer  in  fat^  than  that  which  h  first  taken  from  the  gland.  In 
the  Gveuiug  the  milk  is  richer  in  fat  than  in  the  morning.  The 
general  amount  of  solid  constituents  falls,  up  to  the  age  of  thirty 
years,  then  gains  slightly  until  thirty-five,  after  which  age  the 
milk  becomes  decidedly  thinner.  Tliese  points  should  be  borne 
in  mind  iu  the  selection  of  a  wet-nurse. 

Mode  of  gecrelion. — Although  the  blood  contains  albumins,  fats, 
etc.,  very  similar  to  those  which  form  the  solid  parts  of  the  milk, 
we  have  good  reason  for  thinkinj^  that  the  constituents  of  milk  are 
not  merely  extracted  from  the  blood,  but  that  the  manufacture 
of  this  highly  valuable  secretion  is  due  to  the  activity  of  the 
protoplasm  of  the  gland  cells,  which  construct  the  various  ingre- 
dients out  of  their  substance. 

It  has  been  suggested,  as  a  simple  explanation  of  the  formation 
of  milk,  that  the  cells  undergo  fatty  degeneration,  and  tlie  secre- 
tion is  then  only  the  debris  of  the  degenerated  cells. 

Some  facts  support  this  view.  In  the  first  place  the  ingredients 
one  fintls  in  milk  are  suggestive  of,  though  not  indentical  with, 
the  chemical  materials  which  can  be  obtained  from  protoplasm 
by  chemical  disintegration,  rather  Ihanof  any  group  of  substances 
found  in  the  blnod.  Further  we  find  that  theso-calle<l  colostrum 
corpuscles,  which  appear  to  be  .secreting  cells  filled  with  fat  parti- 
cles, are  thrown  off  from  the  gland  in  the  early  stages  of  the 
secretion,  and  appear  in  nuinbcrB  in  the  milk. 
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But  these  colostrum  curpuscles  soon  cease  to  be  thrown  off  ui 
the  secretion,  and  the  saccules  of  the  glands  during  active  lacta- 
tion do  not  contain  any  sign  of  the  debris  of  c^st-off  cells,  or  any 
gradations  iu  degeneration.  Only  one  row  of  finely  granular 
cells  is  found  lining  the  saccules,  and  the  cavities  are  filled  with 
globules  of  various  sizes.  From  this  it  would  apjiear  that  in  the 
earlier  stages  of  the  production  of  the  secretion,  the  mamniary 
cells,  after  a  long  period  of  inactivity,  are  so  uuaccustomed  to  the 
duty  they  are  C4illed  upon  to  perform,  that  they  succumb  in  the 
effort,  and,  being  unable  to  produce  the  rich  secretion  and  retain 


Fig.  168. 


Section  of  llie  Miiiniiian  <  ilaml  of 
aC«t  in  ihe  early  nUigeg  of  lactntion. 
— (a)  Cavity  of  atvcoli  filled  with 
graniilea  nnd  globules  of  fnt.  1,  2, 
3.  E|ntheliiiin  in  various  stages  of 
milk  formation. 


Fio.  169. 


( 'ells  of  .Mammary  Gland 
during  lactation,  stained 
with  osniic  acid,  to  as  to 
hHow  the  various  sized  oil 
globules  as  black  maiwes. 
(Cadiat.) 


^^K  their  vitality,  they  are  cast  off.     Their  offspring,  however,  after  a 

^"  generation  or  two  acquire  the  necessary  faculty  of  making  within 

I  their  protoplasm  all  the  necessary  ingredients  of  the  milk,  and 

^K  discharge  them  out  into  the  lumen  of  the  saccules  without  tbem- 

^K  selves  undergoing  any  destructive  change. 

^H  The  influence  of  the  nervous  gyttem  on  the  secretion  of  the  mani- 

^^  mary  glands  is  distinctly  shown    by  the  wonderful  sympathy 

I  between   the  action  of  these  glands  and   the  conditions  of  the 

I  generative  apparatus.    Further,  different  emotions  have  an  effect, 

^H  not  only  on  the  quantity,  but  also  on  the  quality  of  the  secretion. 
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Local  stimalatioD  idm  prrxnotes  tbe  secretion,  for  Uie  application 
of  the  cBild  to  tbe  broast  at  once  produces  this  effiect,  partly, 
poesibljr,  through  mental  influences,  but  chieflj,  no  doubt,  bv 
reflex  excitation  of  the  gland  following  the  local  stimulation. 

For  the  details  of  tbe  dietetic  value  of  milk,  see  Chapter  V.  on 
Food,  p.  94. 

ExcBKrioxs. 

The  term  excretion  is  commonly  osed  to  denote  a  gland-fluid 
the  chief  cnnstitoents  of  which  are  mannfactured  by  other  tissues, 
and  are  of  no  use  in  the  economy,  but,  on  the  contrary,  require  to 
be  continually  removed  in  order  that  their  accumulation  in  the 
blood  may  not  give  rise  to  injurious  consequences.  These  effete 
matters  are  the  outcome  of  the  various  chemical  changes  in  the 
tissues  whence  they  are  always  collected  by  the  blood  and  carried 
to  the  glands  which  preside  over  their  elimination. 

The  next  form  of  cutaneous  glands  are  commonly  arranged 
among  the  excretory  organs,  though  their  more  important  func- 
tion, as  will  hereafter  appear,  is  to  supply  surface  moisture  for 
the  purpose  of  regulating  the  temperature. 

StJDORrFEROUB  GlaSDS. 

He  tweat  glands  are  distributed  all  over  the  cutaneous  surface, 
but  in  some  parts,  such  as  the  axilla,  perineum,  etc.,  they  are 
both  more  abundant  and  larger  thau  elsewhere.  They  are  simple 
tubes  extending  in  a  more  or  le^s  wavy  manner  through  the  skin, 
and  ending  in  a  rounded  knot  formed  of  several  coils  of  the  tube 
some  way  beneath  the  corium,  where  they  are  surrounded  by  a 
capillary  plexus.  The  tube  is  lined  with  glandular  epithelium, 
and  its  basement  membrane  is  beset  with  longitudinally  arranged 
smooth  muscle  fibres. 

The  gecretion  of  srveat  is  always  going  on,  though  it  does  not 
constantly  appear  as  a  moisture  on  the  surface,  because  the 
amount  produced  is  only  just  equal  to  the  amount  of  evaporation 
that  takes  place.  In  this  case  it  is  spoken  of  as  insensible  perspi- 
ration.  Under  certain  circumstances  the  sweat  collects  on  the 
surface  and  becomes  obvious  as  fluid — tcnsible  perspiration — which 
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batba  tbe  ekin,  being  pnidaeed  mor  reptdlj  thao  it  can  be 
evaponted.  Tbe  qoaotity  of  ncretioa  atemmrj  to  become  aen- 
able  ruw*  mth  tbe  dmieat  mad  beat  of  tbe  sir.  that  is,  with  the 
nfUitj  with  which  evaporation  lakea  place.  It  happens,  bow- 
erer,  that  the  rerr  circamataiMea  which  tend  to  aaaiat  eraporatioD 
alao  promote  the  secretion  of  sweat.  Indeed,  tbe  efiect  of  gmt 
beat  and  drrnesB  of  tbe  air  is  to  iaereaae  tbe  calaneoos  secretion 
more  rapidlr  than  tber  increase  the  capability  of  evaporation, 
and  therefore  when  the  air  is  hot  and  dry  and  evaporation  is  going 
on  very  actively,  we  have  the  secretion  of  sweat  made  sensible  to 
onr  feelings.  When  dampness  is  associated  with  warmth  of  the 
atmosphere  the  sweat  collects  in  large  quantities  on  the  skin,  for 
the  heat,  as  we  shall  see  hereafter,  aids  the  secretion,  and  tbe 
damp  air  impede?  the  evaporation. 

The  qwintUy  of  perspiration  given  ofiT  is  considerable,  bot  tbe 
wide  limits  within  which  the  amount  may  vary  render  an  attempt 
to  express  an  average  in  narabers  useless.  The  amount  will  de- 
pend on  (1)  the  temperature  of  the  air,  (2)  the  quantity  and 
quality  of  fluids  imbibed,  (3)  the  amount  of  heat  generated  in  the 
body,  and  it  therefore  varies  directly  with  muscular  exercise. 
The  amount  that  becomes  perceptible  to  our  senses  depends  on 
the  impediments  to  evaporation  that  may  exist,  as  well  as  on  tbe 
amount  of  fluid  produced. 

The  chemical  eompogition  of  sweat  varies  with  the  amount  se- 
creted. When  collected  as  a  fluid  by  inclosing  a  part  of  the  body 
in  an  impervious  sac,  it  is  found  to  have  about  2  per  cent,  of  solid 
matters,  the  greater  quantity  of  which  is  made  up  of  inorganic 
salut,  sodium  chloride  being  by  far  the  most  abundant.  It  also 
contains  some  epithelial  debris,  traces  of  neutral  fats,  and  several 
volatile  and  fatty  acids  (butyric,  proprionic,  caproic),  to  which  it 
owes  its  peculiar  smell.  It  in  said  to  contain  urea,  but  this  has 
been  denied,  and  since  all  the  nitrogenous  income  is  accounted 
for  in  the  urea  excreted  by  the  kidneys,  it  is  probable  that  the 
cutaneous  elimination  of  urea  is  minimal,  if  not  exclusively  patho- 
logical. It  is  also  said  to  contain  salts  of  ammonia,  and  it  aflTords 
a  means  of  escape  to  many  drugs.  In  certain  parts  of  the  body, 
«s]>ecially  in  some  individuals,  it  contains  a  considerable  amount 
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of  pigments,  varying  in  color  from  brick-red  to  bluish-black, 
which  need  not  be  here  further  described. 

The  effect  of  nervous  ivfiuence  on  the  secretion  of  sweat  is  so  as- 
sociated with  the  nervous  mechanisms  of  the  cutaneous  vessels 
that,  onder  ordinary  circumstances,  it  is  a  difficult  matter  to  sep- 
arate them.  There  can  be  no  doubt,  however,  that  a  special  ner- 
vouscoutrol  is  exerted  over  the  production  of  sweat.  This  appears 
to  be  observable  in  some  diseases,  the  poisons  of  which  variously 
affect  the  (wo  sets  of  nerves.  Thu.«,  in  fever,  we  observe  a  dry 
red  skin  accompanied  ity  an  increased  supply  of  blood,  and  a  sup- 
pression of  the  secretion  of  the  sweat  glands ;  whilst  in  certain 
stages  of  acute  rheumatism,  the  exact  opposite  is  seen,  i.e.,  a  pro- 
fuse sweat  drip.s  from  the  pale  bloodle.ss  i«kin.  It  has,  moreover, 
been  recently  shown  that  in  some  animals  (cats)  the  stimulation 
of  the  sciatic  nerve,  causing  contraction  of  the  bloodvessels,  pro- 
duces at  the  same  time  a  copious  secretion  of  sweat;  and  a  warm 
atmosphere  is  said  to  have  no  effect  on  the  secretion  of  a  limb  the 
nerve  of  which  has  been  cut,  although  the  warmth  be  so  great  as 
to  make  the  rest  of  the  animal's  body  sweat  profusely. 

The  effect  of  dntge  upon  the  cutaneous  secretion  is  well  known. 
There  is  a  large  group  of  medicines,  especially  pilocarpiu,  which 
produce  an  increased  flow,  while  many  others,  notably  atropin, 
have  a  contrary  efl'ect. 


Cutaneous  Desquamation. 

Together  with  cutaneous  excretion  should  be  mentioned  the  con- 
tinuous and  extensive  loss  all  over  the  surface  of  the  body  from 
the  casting  off  of  the  superficial  layers  of  tlie  dried  horny  cells  of 
which  the  outer  part  of  the  skin  is  composed. 

The  way  in  which  the  cells  of  the  mammary  gland  produce 
their  important  secretion  is  by  their  protoplasm  adopting  a  pecu- 
liar method  of  fat  manufacture,  whilst  all  the  strength  of  its  nu- 
tritive powers  is  devoted  to  the  elaborntioii  of  the  constituents  of 
milk.  In  a  similar  way  the  cells  of  the  epidermis  devote  their 
nutritive  activity  to  the  production  of  a  certain  material — keratin, 
which  cannot  be  called  a  secretion  in  the  ordinary  acceptation  of 
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the  tenn,  but  which  is  certaiolj  elaborated  as  the  result  of  the  nu- 
tritive change  going  on  in  the  protoplasm  of  the  cell  during  its 
life-history,  just  as  we  know  that  many  other  substances  are  pro- 
duced as  the  result  of  the  working  of  gland  cells. 

The  work  of  the  epidermal  cells  supplies — not  a  peculiar  chemi- 
cal reagent,  as  do  some  of  the  gland  cells  of  the  digestive  tract, 
nor  yet  a  nutrient  fluid  like  milk — but  the  exterior  of  the  body 
with  an  insoluble,  impervious,  tough  coating,  which  though  thin 
aud  elastic,  is  very  strong  and  resisting. 

The  nearest  analogy  to  the  secretion  of  the  keratin  in  the  epi- 
dermal cells,  is  the  production  of  mucin  in  the  cells  of  the  epithe- 
lial lining  of  the  mucous  membranes.  Both  substances  may  be 
looked  upon  as  excretions,  as  they  never  reenter  the  system  and 
are  cast  off,  but  each  of  them  performs  a  de6nite  function,  and  is 
produced  by  special  protoplasmic  elements,  like  the  secretions 
more  generally  recognis^  as  such. 

The  amount  of  nitrogenous  substances  thus  excreted  cannot 
well  be  reckoned,  but,  having  regard  to  the  great  extent  of 
surface  from  which  they  are  derived,  it  must  be  considerable. 


CHAPTER  XXII. 
URINAKY  EXCRETION. 

The  urine  is  the  most  iniporlant  fluid  excretion,  for  by  it,  in 

mamtnBlia,  nearly  all  the  nitrogen  of  the  used-up  proteid  leaves 

Fro.  170, 


c 


Section  of  Kidney  of  Man. — ».  Cortical  tmljstanoe  composed  chiefly  of  con- 
voluted tiibuli's;  the  portions  between  ilie  medullnrv  pyramids  form  tlie 
columns  of  Uertin  (e).  b.  Pyramids  of  mdlullary  sutetnnee,  comiKised  of 
straigli t  tut>es,  elt-..  mil iating  towards  c-ortex,  to  form  the  pyramids  of  Ferrein. 
d.  CV>mmeneeitierit  of  ureter  leading  from  (central  sac  or  pelvis,  c  PnpiUs 
where  the  tulies  open  into  pelvis.    (Cadist) 

the  body  in  the  form  of  urea.     The  construction  of  the  urinary 
glands  requires  the  special  notice  of  the  physiologist. 


KASUAi.  or 


Bncccrm  or  ihk  Kidsstbl 
Hm  kidM7«  BMT  be  cmlled  eoMplex  tahalsr  glaadi.  beeune  tlw 
tabea  of  wkicb  tbej  are  euopowd  are  aude  ap  of  >  Bomber  of 


Fte.  171. 
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FlO.  171. — l)i»gnim  of  the  TubuleM  of  «lie  KiiJney.  (Cadiat.) — a.  Lai^ 
diirt  opening  nt  paiiilla.  6  and  c  Smight  collecting  tube*.  <i and  f.  Looped 
liiliiiU' of  Ilenle.  /.  Conrolated  tubales  of  cortex.  9.  Capsule  from  which 
the  luttcr  -ipring. 

Kkj.  172. — Portions  of  various  Tubules  highly  inagni6ed,  ahoning  the 
relntion  of  the  lining  epithelium  to  the  wall  of  the  tube.  (CadiaL) — a.  Large 
duct  near  the  papilla,    b.  Commencement  of  Henle'i  loop.    r.  Thin  part  of 

enle'ii  loop. 
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■BtAL  CraCOtATIQK. 


■catiallTdiilbraKfKMDQMMMdMrlnlkfai  tlnil  tlnwlwt 

I  ia  tb«ir  nrUtka  to  Uw  MmJfh 

TW  tabn  begin  br  m  sm&)l  rawM  ^ihU»tk»  (Mitlpicltkill 

r«^Mile')  vbidi  b  lined  bj  thin  taMmtd  ^M3MXintn.    OpMkh« 

iSrani  tkis  oapnik.  Fig,  171  (y\  >•  lban<l  «  lortu<m«  tubal*  {f\ 

.  lined  bj-  pecaiisr  \*rgc  rod-bwei  •pitbvKal  ivl)»,  which  t^ctntpy  lb« 

'  grealer  portion  of  its  diitnivter    This  ooavnlutixl  luUulo  v/  ^  ImU* 

into  a  tube  (e)  of  much  lesv  rslcrnK)  ilikmrtcr,  hut  nlxuit  (h^uhI 

lumen,  owing  to  tho  thinnojc!!  of  its  lining  opitholiuiu,  lh<«  rwlU  itf 

which  are  more  flattened  anii  much  thinner  thiin  ihivnr  in  thr  tor- 

tuous  tubes.     This  thin  tul>o  forms  a  li.M>|i  oxlendinK  thiwu  Into 

the  medullary  p)'ramid  and  returning;  to  the  corl«>x.  whcrti  it  onn 

be  seen  to  become  a^iu  convoluted  [d)  and  then  to  open  into  n 

straight  c»)Ilecliug  tube.     The  collecting  tuho«  [P,  h\  ircnivn  tunny 

Kio.  l-:«. 


PortioQ  of  Convuliii 


(llitiiloiiliuin.) 


similar  tributary  tubctt  ou  their  way  toward*  tlio  apox  of  tliti  Mnl 
pighian  pyramid,  where  tliey  pour  their  conteiilM  inl«i  Lhn  pidvU 
of  the  kidney.     The  o]iitlieliul  lining  of  tlieiui  cjilleitiiig  liihi's  U 
of  the  ordinary  cylindrical  ty|M'. 

We  thus  find  four  kiudn  of  cpitlielial  c«IU  in  thi>  variou*  pMlii 
of  the  urinary  tuhuleii,  viz.,  Kcaly  r»iU»  in  tiin  cafMuIn;  pMiulltr 
rad-betet  glandular  cclU  in  the  (viiivolut<'!«l  tub«>a;  llMtt<>niu|  (rtrlU 

EIo  n  grat  part  of  the  l<K>p,  and  ordinary  cylindrical  («llii  in  tb« 
large  rtraight  lul*e«.  fFiga.  172  and  173,) 
: 


BuiouvKmrjjt. 

The  fcoal  artery,  im  il«  wmj  froa  tba  biln  (/>  lb*  lj<MiiMlary 
tbccgrticaJ  sad  nadullary  poftiowof  lb*  liWla^,lrrwlM 
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up  suddenly  into  nuiuerous  small  branches;  these  vessels  then 
form  arches  which  run  along  the  base  of  the  pyramids.  From 
the  latter,  straight  branches,  called  interlobular  arteries,  pass  to- 
wards the  surface,  and  give  off"  latenil  branchlets  which  form  the 
afferent  ves»;ls  to  (he  neighboring  Malpighiau  capsules.  Within 
the  ca]>sules  the  afferent  arteries  at  once  break  up  into  a  series  of 
capillary  loops,  forming  a  kind  of  tuft  of  fine  vessels — the  glom- 
erultu,  which  fills  the  cavity  at  the  beginning  of  the  tubules,  and 

Fi«.  174. 


Glomerulus,  treated  with  silver  nitrate,  showing  the  endothelium. 

is  only  covered  by  thin  scaly  epithelial  cells,  and  thus  separated 
from  the  urine.  It  is  a  singular  fact  that  in  the  renal  circulation 
the  efferent  vessel  on  leaving  the  glomerulus  does  not,  like  most 
veinlets,  unite  with  others  to  form  a  larger  vein  ;  but  again  breaks 
up  into  capillaries,  which  form  a  dense  meshwork  around  the 
convoluted  tubules.  The  blood  is  thence  conveyed  to  small 
straight  veins  corresponding  to  the  intralobular  arteries. 

Another  striking  peculiarity  of  the  renul  vessels  is  that  a  dis- 
tinct set  of  arteries,  starting  from   the  same  point  as  the  inter- 
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lobular  (between  the  cortex  and  medulln),  pass  towards  the  centre 
of  the  gland  into  the  pyramids.  They  consist  of  bunches  of 
straight  arterioles,  which  lie  between  the  straight  and  the  looped 
tubules.  Correspfinding  with  these  straight  arteries  are  minute 
straight  veins,  which  carry  the  blood  back  to  the  vessels  at  the 
base  of  the  pyramids. 

In  the  kidney,  then,  wc  have  three  sets  of  capillary  vessels, 
which  differ  in  their  position,  the  form  of  their  meshes,  and  their 
relation  to  their  parent  artery.  Probably  the  pressure  exerted 
by  the  blood  in  them,  and  the  rapidity  of  its  flow  through  them, 
differ  also: 

1.  The  capillaries  in  the  glomeruli  are  loops  collected  into  a 
tuft  by  their  covering  of  delicate  epithelium.  On  account  of 
their  relation  to  the  afferent  artery  which  ends  abruptly  in  these 
capillaries,  and  to  the  cuialler  efferent  vesict  that  leads  to  a  sec- 
ondary plexus  of  capillaries,  the  pressure  within  the  glomerulus 
mu.st  be  very  great  compared  with  that  of  the  general  capillaries 
of  the  body,  and  must  vary  much  with  changes  in  loral  blood- 
pressure. 

2.  The  secondary  capillary  plexus,  with  ils  narrow  meshwork 
closely  investing  the  tubules,  can  only  be  under  comparatively 
trifling  pressure  which  varies  but  Jittle,  on  account  of  the  blood 
having  first  to  pass  through  the  capillaries  of  the  glomerulus. 
Their  current  of  blood  must  also  move  slowly,  since  the  bed  of 
the  stream  is  here  very  great. 

3.  The  straight  vessels,  with  long-meshed  capillaries,  in  the 
pyramids  between  the  looped  and  straight  tubules  are  unlike  the 
two  preceding.  In  these  straight  vessels  the  blood  probably  flows 
with  greater  velocity  than  in  those  arouud  the  convoluted  tubes; 
and  their  blood-pressure  is  less  than  that  in  the  glomeruli,  but 
greater  than  that  in  the  iutertuhular  capillaries. 

The  Urine. 

When  freshly  voided  the  urine  of  man  In  health  is  a  clear 
straw-colored  fluid,  with  a  peculiar  aromatic  odor.  The  intensity 
of  the  wdor  varies  with  the  amount  of  solid-* — the  color  being  a 
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rough  iadication  of  the  degree  of  concentratioD.  On  eUDding 
and  cooling  a  slight  cloud  of  raucus  often  appears  floating  iu  the 
fluid.  This  comes  from  the  lining  membrane  of  the  bladder,  and 
it  usually  entangle!)  a  few  flattened  epithelial  cells,  which  are  the 
onlj  organi7.ed  structural  element^)  found  in  it  in  health. 

Fio.  175. 


Diagram  allowing  tlie  relation  Ixjrue  l»_v  the  bloodvessels  lo  iJie  tubule*  uf 
the  kidney.  Tbe  ii[i[)er  Imlf  c<irren|)ond»  to  the  conical,  tho  lower  lo  the 
medullnry  part  of  the  organ.  The  pluin  tubes  are  shown  separately  on  the 
right,  and  the  vessels  on  the  left.  The  darkly  sli.ided  arteries  send  off 
straight  branehes  to  the  pyramid  and  larger  interlobular  branches  to  the 
glomeruli,  the  eOerent  vessels  of  which  form  the  plcxtu  around  the  convo- 
luted tubes. 

The  fresh  urine  has  a  distinctly  acid  reaction.  This  does  not 
depend  upon  the  presence  of  free  acid,  as  is  suggested  by  the  fact 
that  no  precipitate  is  formed  on  the  addition  of  sodium  hyposul- 
phite, but  upon  the  large  amount  of  acid  »alts,  particularly  acid 
sodium  phosphate,  which  it  iuvariably  contains,     A  strictly  veg- 
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eUble  diet  renders  man's  arine  alkaline,  and  it  is  aud  to  beooora 
ten  acid  after  nieaK  In  ibc  herbivorous  mammalia  the  nrin«  ia 
normallr  alkaline  m  long  as  their  dig«9tittu  is  going  on.  but  when 
thej  are  deprived  nf  (bod  for  9ome  time  it  becomes  acid,  showing 
that  the  alkalinitr  depends  upon  their  diet. 

The  specific  gravity  of  urine  varies  greatly  al  difTcrcut  time», 
commonly,  however,  niugiug  between  tlie  tigures  1015-1020. 
AAer  copious  drinking  it  may  go  as  Ipw  as  1003,  and  after  pro- 
longed abstinence  from  liquids,  or  very  active  swcAiitig,  it  may 
atUin  1040. 

The  quantity  of  urine  secreted  is  also  very  variable,  that  pro 
duced  by  an  adult  usually  amuunting  to  about  2  pints  |H<r  diem 
(1000-1500  c.c).  The  amouut  is  increased  by — (1 )  vlevntiou  of 
the  general  blood-pressure,  or  the  pressure  in  the  renal  vcMels 
from  any  cause  whatever ;  (2)  contraction  of  the  cutaneous  vessels 
from  cold  ;  (3)  copious  driukiug  ;  (4)  excess  of  nitrngenous  diet; 
(5)  the  presence  of  soluble  matter  in  the  blood,  such  as  sugar, 
salt,  etc. ;  and  (6)  the  presence  of  urea,  as  well  as  various  iue<li- 
caments,  has  a  special  action  on  the  renal  secretion,  greatly  in- 
creasing the  aiuouiil  of  urine  passed. 

Although  the  quantity  of  urine  differs  so  much  under  diflerent 
circumstances,  the  amount  of  solids  excreted  by  the  kidneys  in 
the  twenty-four  hours  remains  pretty  much  the  same,  being  on  an 
average  over  1^  ounces  (50  grammes)  for  an  adult  man. 

From  this  it  is  obvious  that  the  height  of  the  i<(iecific  gravity 
must  vary  inversely  with  the  amount  w^Tt'tfil,  so  that  the  morn 
scanty  the  urine  the  higher  we  expect  to  fiud  the  pcrccniage  of 
sotids. 

Secretion  op  the  Urine. 

We  have  just  seen  that  the  arteriiil  twig,  or  afferent  vesiel, 
which  enters  the  capsule  of  Malpiglii,  breaks  up  into  a  set  of 
capillary  ]ooi>s,  which  are  only  covered  by  a  single  layer  of  ex- 
tremely thin  epithelial  relta  separating  them  from  the  lunion  of 
the  urinary  tubulu,  ami  that  the  pressure  in  tlio  vossols  of  the 
glomerulus  is  habitually  higher  than  that  in  most  wipillurics,  and 
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constantly  greater  than  that  of  the  second  capillary  network 
around  the  convoluted  tubules. 

The  general  anangement  of  these  vessels,  and  the  high  preflsnre 
in  the  glomerulus,  give  the  impression  that  it  is  siraply  a  filtering 
apparatus  by  means  of  which  the  fluid  parts  of  the  blood  pass 
into  the  urinary  tubules.  This  view  seem.^  supported  by  the  fact 
that  the  quantity  of  urine  secreted  bears  a  direct  proportion  to 
the  blood-pressure  in  the  minute  renal  vessels,  whether  the  change 
in  pressure  depends  on  local  vascular  mechanisms  or  on  changes 
in  the  general  blood -pressure. 

Such  a  theory,  however,  cannot  adequately  explain  the  forma- 
tion of  urine,  because  the  urine  difl'ers  so  materially  from  the  fluid 
one  could  obtain  as  a  filtrate  from  the  blood.  In  health  it  con- 
tains no  albumin,  a  substance  in  which  the  Wood  is  very  rich  ; 
and  it  has  enormously  more  urea  and  salts  than  the  blood.  There 
is,  therefore,  both  a  quantitative  and  tjualitative  difference,  which 
implies  a  distinct  process  of  selection,  and  although  filtration 
cannot  be  altogether  excluded  from  the  process,  it  must  be  com- 
pletely raodified  by  other  forces. 

Moreover,  in  the  genera!  description  of  the  organ  we  have  just 
seen  that  in  a  great  part  of  the  tubules,  both  the  epithelial  and 
vascular  supply  give  the  idea  of  actively  secreting  gland  tubes. 
From  the  mere  coustruction  of  the  difl'erent  portions  of  the  gland 
it  has  been  eoucluded  that  there  arc  two  distinct  departments,  each 
of  which  plays  a  different  part  in  the  production  of  the  urine. 
One  is  a  simple  filtering  mechanism,  and  the  other  a  definitely 
secreting  glandular  tubule. 

It  is  not  surprising  that,  with  such  a  complex  arrangement  as 
the  tubules  above  mentioned,  there  should  exist  different  views 
as  to  the  exact  mode  in  which  the  urine  is  secreted.  As  these  arc 
more  or  less  at  variance  in  their  explanation  of  the  method  of 
secretion,  and  as  it  is  difficult  to  put  any  of  them  aside  as  quite 
erroneous,  it  becomes  necessary  to  enumerate  each  somewhat  in 
detail. 

Feeling  convinced  of  the  filter-like  function  of  the  glotnerulus, 
id  recognizing  the  fiict  that  some  other  agency  was  also  at  work 

the  formation  of  urine,  Bowman  explained  the  process  thus: 
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From  the  glomerulus  the  watery  parts  of  the  fluid  are  filtered, 
while  the  glandular  epithelium  selects  the  important  solid  constit- 
uents which  it  is  necessary  to  remove  from  the  blood. 

Ludwig  takes  a  ditierent  view.  He  believes  that  the  watery 
part  of  the  plasma,  bearing  with  it  the  salts,  etc.,  is  filtered  from 
the  glomerulus.  As  this  fluid  passes  through  the  tortuous  urioary 
tubules,  a  large  portion  uf  the  water  is  reabsorbed  into  the  capil- 
lary networks  surrounding  thera.  This  reabsorption  is  assisted 
by  the  high  specific  gravity  of  the  blood  and  the  low  pressure  in 
these  capillaries  as  compared  with  the  glomeruli,  where  the  fil- 
tration of  the  liquid  occurs.  The  rtile  of  the  epithelium  is  not 
then  selection  from  the  blood  of  specific  materials,  but  possibly 
the  prevention  of  the  return  of  the  solids  with  the  water  back  to 
the  bloodvessels. 

Heidcubaiu  attempted  to  settle  the  question  as  to  the  function 
of  the  renal  epithelium,  by  introducing  into  the  blood  a  blue 
coloring  matter — pure  sudium  sulphindigotate — which  he  found 
to  be  eliminated  by  the  kidneys,  giving  rise  to  blue  urine.  On 
examining  the  organ  with  the  microscope  at  a  suitable  time  after 
the  injection  of  the  color  into  the  blood,  the  tubules  are  found  to 
be  filled  with  the  pigment,  and  in  some  cases  the  peculiar  epi- 
thelium of  the  convoluted  tubules  is  stained  with  the  blue  sub- 
stance, while  the  glomerulus  and  ca]>sule  are  entirely  free  from 
the  color.  If  the  stream  of  fluid  from  the  glomerulus  be  stopped 
in  any  way — tying  the  ureter,  section  of  the  spinal  cord,  or  local 
destruction  of  the  glomeruli — the  bine  color  is  only  to  be  found 
in  the  convoluted  lubes  and  their  epithelium,  and  hence  it  has 
been  concluded  that  its  presence  in  the  looped  and  collecting  tulws 
of  the  kidneys  and  urinary  bladder,  depends  upon  its  being  washed 
out  of  the  convoluted  tubes  by  the  stream  of  fluid  filtered  from 
the  blood  at  the  glomerulus. 

The  following  facts  may  also  be  adduced  in  further  support  of 
the  view  that  the  glandular  epithelium  bears  no  mean  share  in 
the  removal  of  the  more  important  solid  constituents  of  the  urine. 

T!ie  epithelium  in  the  tubules  of  the  kidney  of  birds  is  found 
impregnated  with  acid  urate  of  potassium,  which  insoluble  sub 
stance  forms  the  chief  constituent  of  the  solid  urine  of  birds. 
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The  amount  of  liquid  passing  out  at  the  kidneys  is  in  direct 
proportion  to  the  blood -press  lire,  whereas  the  excretion  of  the 
specific  constituents  of  urine  is  independent  of  the  pressure,  but  is 
related  to  the  amount  existing  in  the  blood,  and  the  condition  of 
the  epithelium.  This  is  shown  by  the  increased  elimination  of 
urea  when  that  substance  is  artificially  intrudnced  into  the  circu- 
lation, even  after  the  flow  of  the  duid  has  been  checked  by  sec- 
tion of  the  spinal  cord. 

Another  view  has  been  put  forward,  which,  with  some  modifi- 
cation, appears  plausible,  or  at  least  worthy  of  mention.  Paying 
attention  to  the  fact  that  where  vascular  filtration — i.e.,  the  pas- 
sage of  liquid  under  pressure  through  the  capillary  wall — occurs 
elsewhere  in  the  body  it  is  not  only  water  and  salts,  but  plasma 
that  passes  out  of  the  vessels  into  the  interstices  of  the  tissues,  we 
may  then  assume  that  the  flui<l  ])art  of  the  blood,  as  such,  and 
not  merely  its  watery  part,  esca.pes  at  the  glomerulus.  That  is  to 
say,  the  solid  ingredients  of  the  urine  in  a  diluted  form,  plus 
serum-nlburaii),  pass  into  the  tubules.  But  on  its  way  down  the 
long  and  circuitous  route  through  the  tubules  the  albumin  with 
much  water  is  reabsorbed  by  the  capillaries  of  the  convoluted 
tubes.  The  first  step  in  this  ca.se  is  a  mechauical  filtration;  the 
second  is  a  vital  process  of  reabsorption  of  a  solution  of  serum- 
albumin  carried  on  by  the  gland  cells  in  the  tubules,  aided  by  the 
low  pressure  in  the  peri-tubular  capillary  plexus.  This  view 
seems  supported  by  pathological  experience,  which  teaches  that 
the  removal  of  the  epithelium  of  the  tubes  (the  glomeruli  remain- 
ing perfect),  is  followed  by  the  appearance  of  albumin  in  the 
urine,  and  cysts  formed  by  the  destruction  of  the  epithelium  and 
occlusion  of  the  tubules  commonly  conlai'u  a  Ouid  somewhat  like 
plasma. 

Doubtless  much  remains  to  be  found  out  as  to  the  exact  method 
of  secretion  of  the  urine,  and  po.ssibly  future  research  may  show 
us  that  all  the  views  here  enumerated  have  some  truth  in  them. 
That  n  filtration,  not  mere  osraiosis,  takes  place,  is  made  certain 
by  the  special  vascular  mechanism  of  the  glomerulus.  Why 
simply  water  and  salts  without  albumin  should  pass  through 
^hc  capillaries  of  the  glomerulus,  ami  not  through  any  other 


f 


CHEMICAL  COMPOSITION   OF    UKENE.  397 


capillaries,  is  not  sufficiently  explained  to  make  it  sure  that  this 
filtration  differs  from  others.  That  the  glaeidular  epithelium  does 
take  an  active  part  in  the  elimination  of  the  urea  is  rendered 
almost  indisputable  from  the  researches  of  Heideuhaiti.  And  yet 
there  remain  other  parts,  e.(f.,  the  loops  of  Henle,  which  are  con- 
stantly found  in  the  kidney,  and  have  a  special  vascular  mechan- 
ism, and  to  which  none  of  the  foregoing  theories  assign  auy  spe- 
cial or  peculiar  function. 

From  the  foregoing  evidence  we  may  fairly  suppose  that  most 
of  the  urea,  and  possibly  some  other  solid  constituents  of  the 
urine,  are  selecUd  from  the  blood  by  the  epithelial  cells  of  the 
convoluted  tubules,  that  the  fluid  part  of  the  blood  escapes  at 
the  glomerulus,  and  flows  along  the  varied  and  circuitous  route 
of  the  tubules,  carrying  with  it  the  matters  poured  into  the  tubes 
by  the  cells,  and  that  iu  some  part  of  the  tubules  the  dilute 
filtrate  loses  much  of  its  water  and  all  its  albumin. 

Chemical  CoMPoeiTioN  of  Ukine. 

The  percentage  of  the  various  materials  in  urine  varies  as  the 
8ecr«tiuu  differs  iu  strength,  aa  mentioned,  but  on  au  average 
it  may  be  said  to  contain  about  4  per  cent,  of  solids  and  96  per 
cent,  water. 

The  following  are  the  more  important  solid  matters  : 
Urea  is  the  most  important,  and  at  the  &Bme  time  most  abundant 
solid  constituent,  commonly  forming  about  2  per  cent,  of  the  urine. 
It  is  regarded  as  the  chief  end-product  of  the  oxidation  of  the 
nitrogenous  matter  in  the  body,  so  that  the  amount  excreted  per 
diem  gives  us  the  best  estimate  of  the  auiuuut  of  chemical  change 
taking  place  iu  the  tissues.  It  is  readily  soluble  in  alcohol  and 
water,  but  insoluble  in  ether.  It  forma  acicnlar  crystals  with  a 
silky  lustre.     From  a  chemical  point  of  view  it  may  be  regarded 

{NH 
Ijjt',  or 

CO)  .,jj     y 

H,  >N,.     It  is  isomeric  with  ammonium  cyanate  i^ij   >  O,  from 
which  it  was  first  prepared  artificially.     It  is  also  isomeric  with 
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the  amide  of  carbamic  acid,  with  which  it  is  considered  by  some 
to  be  identical. 

On  exposure  to  the  air  bacteria  develop  in  the  urine,  and,  act- 
ing as  a  ferment,  change  the  urea  into  aninionium  carbonate,  two 
molecules  of  water  being  at  the  same  time  taken  up,  thus : 

CX)(NH,),+  2H,0  =  (NH,),CO,. 

This  gives  rise  to  a  change  in  the  reaction  of  the  urine,  which 
after  a  time  becomes  increasingly  alkaline,  and  the  change  is 
commonly  spoken  of  as  the  alkaline  fermentation  of  the  urine. 
This  change  is  extremely  slow  in  solutions  of  pure  urea,  which 
do  not  support  bacterial  life. 

With  nitric  and  oxalic  acids  urea  forms  sparingly  soluble 

lis — a  fact  made  use  of  in  its  preparation  from  urine. 

The  amount  of  urea  eliminated  in  the  twenty-four  hours  is 
about  500  grains  (85  grammes).  The  amount  varies  (1.)  in  some 
degree  with  the  amount  of  urine  secreted  ;  an  increase  in  the 
amount  of  water  l>eing  accompanied  by  a.  slight  increase  in  the 
urea  eliminated.  Some  materials,  such  as  common  salt,  increase 
the  water,  and  thereby  also  increase  the  urea.  (2.)  The  character 
and  quantity  of  the  diet  influences  most  remarkably  the  quantity 
of  urea  given  off,  the  aniuunt  increasing  in  direct  projwrtion  to 
the  quantity  of  proleid  consumed.  Fasting  causes  a  rapid  fall  in 
the  amount  of  urea ;  even  in  the  later  days  of  starvation  it  con- 
tinues to  full,  but  very  slowly.  (3.)  The  amount  differs  with  age, 
being  relatively  greater  in  childhood  Chan  in  the  adult  (about  half 
as  much  again  in  proportion  to  the  body  weight).  (4.)  Many  dis- 
eases have  a  marked  influence  ou  the  amount  of  urea.  In  most 
febrile  affections  it  increases  with  the  intensity  of  the  fever,  while 
in  diseases  of  the  liver  it  often  aotably  decreases. 

In  diabetes,  if  the  consumption  of  food  be  very  great,  the  daily 
excretion  of  urea  may  reach  nearly  4  oz.  (^lOO  grammes),  or 
three  times  as  much  as  normal. 

Preparalion. — To  obtain  urea  from  human  urine  it  is  evapo- 
rated to  one-sixth  of  its  bulk,  au  excess  of  nitric  acid  is  added, 
and  it  is  left  to  stand  in  a  cool  place.  Impure  nitrate  of  urea 
rates  from  the  fluid  as  a  yellow  crystallized  precipitate.    This 
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insoluble  salt  is  caught  on  a  filter,  dried,  dissolved  io  boiling 
water,  mixed  with  auiiual  charcoal  to  remove  the  coloring  mat- 
ter, and  filtered  while  hot;  when  the  filtrate  cooIb,  colorless  crys- 
tals of  nitrate  of  urea  are  deposited.  The  precipitate  is  dissolved 
in  boiiing  water,  and  barium  carbonate  added  as  long  as  effer- 
vescence takes  place,  barium  nitrate  and  urea  beinj,'  produced. 
This  ie  evaporated  to  dryness,  and  the  urea  extracted  with  abso- 
lute alcohol,  which  on  evaporation  leaves  crystals  of  pure  urea. 

Egtimalion. — Urea  CAn  be  estimated  volu metrically  by  the 
method  of  Liebig,  which  depends  on  the  power  of  mercuric  nitrate 
to  give  a  precipitate  with  it.  The  sulphates  and  phosphates  must 
be  first  removed  by  the  addition  of  40  c.c.  of  a  mixture  of  1 
volume  saturated  barium  nitrate  and  2  volumes  saturated  solu- 
tion of  caustic  baryta,  to  an  equal  volume  of  urine.  This  is 
filtered,  and  from  the  filtrate  aD  amount  corresponding  to  10  c.c. 
urine  is  taken.  Into  this  known  volume  of  urine  a  standard  so- 
lution of  mercuric  nitrate  (of  which  1  c.c.  corresponds  to  1  cen- 
tigramme of  urea)  is  dropjied  uutil  a  sample  drop  of  the  fluid, 
mingled  on  a  watch-glass  with  a  drop  of  concentrated  sodium 
carbonate  solution,  gives  a  yellow  color,  which  indicates  that  some 
free  mercuric  nitrate  remains.  For  every  cubic  centimetre  of  the 
standard  mercuric  solution  used  there  will  be  1  centigramme  of 
urt'tt  in  the  sample  of  urine;  a  small  reduction  has  to  be  made 
for  the  chlorides,  which  are  present  in  tolerably  constant 
amount. 

Another  simple  method  consists  in  mixing  together  known 
ijuautities  of  uriuc  aud  sodium  hypobromite  (NaBrO)  with  ex- 
cess of  caustic  soda.  The  urea  is  decomposed  in  the  presence  of 
this  salt,  and  free  nitrogen  evolved  : 

CON,H.  -f  3(  NaBrO)  -f  2(NaOH)  =  3NaBr  -f  Na,CO,  + 
3H,0  +  2N. 

The  quantity  of  urea  may  be  determiued  by  ascertaining  the 
volume  of  nitrogen,  which  can  be  measured  directly  in  a  grad- 
uated tube. 

Uric  add,  of  which  the  formula  is  C^H.N.O,  or  C,H,0,(NH.- 
CN)„  ia  present  ouly  In  extremely  small  quantities  in  the  normal 
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urine  of  mammalia,  but  in  birds,  reptiles,  and  insects  it  forms 
the  chief  ingredient  of  the  renal  accretion.  It  i«  sparingly  soluble 
in  water,  and  insoluble  in  alcohol  and  ether.  However,  in  solu- 
tiiins  (if  the  neutral  pbosphates  and  carbonates  of  the  alkalies 
it  combines  with  some  of  the  base  so  as  to  form  acid  salts,  and 
at  the  same  time  eouverts  the  neutral  into  acid  phosphates,  to 
which,  as  has  been  already  stateil,  the  urine  owes  its  acid  reac- 
tion. These  salts  are  more  soluble  in  warm  than  in  cold  water, 
and  hence  generally  fall  as  a  sediment  when  the  urine  cools. 
Uric  acid  is  readily  converted  into  urea  by  oxidation,  and  is 
probably  one  of  the  steps  in  the  formation  of  urea  which  com- 
monly occurs  in  the  body  during  the  gradual  oxidation  of  the 
proteid  bodies. 

The  presence  of  uric  acid  may  be  recognized  by  the  murexide 
lest.  The  substance  to  be  tested  is  gently  heated  in  a  flat  cap- 
sule with  some  nitric  acid.  A  decomposition  occurs,  N  and  CO, 
going  oif,  urea  and  alloxan  remaining  as  a  layer  of  yellow  fluid. 
If  this  be  cautiously  evaporated,  and  a  drop  of  ammonia  added, 
a  striking  purple-red  color  is  produced,  which  the  addition  of - 
potash  turns  blue. 

The  amount  of  uric  acid  normally  follows  pretty  doeely  the 
variations  in  urea,  but  is  usually  only  about  8  grains  (.5  gramme) 
per  diem.  In  certain  diseases  the  quantity  may  be  much  in- 
creased. For  the  quantitative  estimation,  which  is  seldom  de- 
cided by  the  practitioner,  the  student  must  consult  the  text^books 
of  physiological  chemistry. 

Krentinin  (C,H,N,0)  is  always  present  in  urine,  probably  being 
formed  from  kreatin  by  the  loss  of  one  molecule  of  water.  About 
15  grains  (1  gramme)  is  excreted  per  diem. 

Xanlhin  (C,H^N,0,)  also  occurs  in  urine,  but  in  extremely  small 
quantities. 

Hippurie  acid  (C,H,NO,)  is  a  normal  constituent  of  human 
urine,  occurring,  however,  in  very  small  quantities.  On  the  other 
hand,  it  is  one  of  the  most  important  nitrogenous  constituents  of 
the  urine  of  the  herbivora,  where  it  takes  the  place  of  uric  acid. 
Its  presence  depends  on  the  existence  of  certain  ingredients  (ben- 
zoic acid, etc.)  in  the  food,  which  are  capable  of  combining  with 
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Brntolc  aclil.        Oljflti.  lllppiiricaclrt.     Water. 

C.n.O,  +  CJl^NO,  =  C,H,NO,  +  H,0. 
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I  glycin,  and  forming  a  conjugated  acid,  a  molecule  of  water  being 

L  formed  at  the  same  time,  llius  : 


The  amount  of  hippuric  acid  increases  with  increased  consump- 
tion of  vegetable  food,  in  the  cellulose  of  which  the  materials 
exist  that  are  required  for  its  formation.  It  is  in  the  liver  that 
the  union  between  the  glycin  and  the  benzoic  acid  takes  place,  as 
is  proved  by  the  removal  of  that  organ,  when  lienzoic  acid  in- 
jected into  the  portal  vein  appears  unchanged  in  the  urine. 

Oxalic  acid  {C,H,0,)  occurs  often,  but  not  constantly,  in  the 
urine.  It  is  generally  united  with  lime.  It  is  said  to  appear  in 
greater  quantity,  together  with  an  excess  of  uric  acid,  after  meals, 
and  therefore  to  be  related  to  the  production  of  tlie  latter  in  the 
body ;  but  it  probably  is  chiefly  derived  from  oxalate.s  being  con- 
tained in  some  material  taken  with  the  food. 

CoLORiNO  Matters. 

It  appears  probable  that  the  color  of  the  urine  depends  on  the 
presence  of  small  quautities  of  distinct  substances  which  have 
different  origins  in  the  body.  Three  such  have  been  described, 
and  may  bo  taken  provisionally  to  represent  our  knowledge  of 
the  subject : 

1.  Urobilin,  which  is  an  outcome  of  the  coloring  matter  of  the 
bile,  and  therefore  a  remote  derivative  of  the  coloring  matter  of 
the  blood,  is  frequently  present  in  the  uriue.  It  is  pmbably  the 
earae  as  hyilrobilirubin,  some  of  which  is  oeoa.iionally  absorbed 
from  the  intestinal  tract  and  eliminated  by  the  kiiluey.-i. 

2.  Urothrom  is  said  to  be  the  special  pigment  of  the  urine.  It 
oxidizes  on  exposure,  forming  a  reddish  substance  that  gives  the 
dark  color  to  some  urinary  sediments  (Uroeryihrin). 

3.  A  certain  material  (Indican)  capable  of  producing  Indigo, 
is  commonly  present  in  the  urine  of  man,  and  in  greater  quantity 
in  that  of  some  animals,  particularly  the  horse.  Ii  is  supposed 
to  be  formrd  from  the  indol   that  arises  from   the  putrefactive 

84 


402 


MANUAL   OF   PHYSIOLOGY. 


changes  consequent  on  the  pancreatic  iligestion.  The  indol  is 
absorbed  and  unites  with  sulphuric  acid  to  form  Indican,  which 
18  a  yellow  suhstancc.  Under  certain  coiidiliuus  it  can  be  con- 
verted by  oxidutiuu  into  indigo-blue. 

INORC4AN1C  Salts. 

The  urine  is  the  great  outlet  for  all  inorganic  salts.  The  most 
itn]iortaiit  of  these  are  : 

fhmmon  salt  (NaCi),  of  which  a  very  variable,  hut  always 
considerable  amount  passes  away  in  the  urine.  The  average 
quantity  excreted  per  diem  may  be  said  to  be  about  half  an  ounce 
(15  gramnie,«).  It  depends  greatly  on  the  quantity  taken  with  the 
food,  and  falls  during  starvation,  but  does  not  completely  disap- 
pear. It  is  said  that  if  absolutely  no  sodium  chloride  be  taken 
with  the  food  the  quantity  excreted  iliininishes  greatly,  and  that 
albumin  appears  in  the  urine  about  the  third  day.  The  amount 
of  gait  eliminated  follows,  with  striking  accuracy,  the  changes 
that  take  place  at  different  times  and  under  different  circum- 
stances, in  the  quantity  of  urea  excreted.  These  facta  seem  to 
indicate  that  there  is  some  relationship  between  the  secretion  of 
the  two  bodies,  or  that  sodium  chloride  participates  in  the 
chemical  changes  of  the  nitrogenous  tissues.  In  many  diseases 
there  occur  variations  in  the  quantity  of  common  salt  in  the  urine, 
which  can  hardly  be  explaitied  by  the  change  iu,  or  absence  of 
food. 

Plioi>])ha(es. — About  fiO  grains  (3  to  4  grammes)  of  phosphoric 
acid  is  excreted  daily  in  the  urine,  being  combined  with  alkalies 
to  form  salts,  viz.,  potassium,  sodium,  calcium,  and  magnesium 
phosphates. 

Sulphates. — Nearly  40  grains  (2  to  .3  grammes)  of  eulphuri<j 
acid,  as  sulphates  of  alkalies,  are  daily  got  rid  of  in  the  urine. 
The  acid  comes  partly  frura  the  food,  but  chiefly  from  the  oxida^ 
tion  of  the  sulpliur  contained  iu  tlie  proteids  of  the  tissues. 

A  considerable  quantity   of  polanslum,  sodium,  ealeiiim,  at 
viagnesium,  combined  as  already  mentioned,  or  with  chlorine,  U 
contained  iu  the  urine. 

Small  traces  of  tVort  are  also  always  present  in  the  urine. 
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0<ues. — The  uriue  also  contains  free  CO,,  N,  aud  some  O.     100 
roltimes  of  gas  pumper!  out  of  frcsb  urine  have  been  found  to 
fieooeist  of — 

CX),  =  fi5.40  per  cent. 
N  =  31. sr.      " 
O  =    2.74       " 


Abnormal  Constitdents. 

Diflfereni  kinds  of  substances  occur  in  urine  under  oireumsiiincMW 
of  special  ])h_VHiulogical  interest,  and  therefore  nmy  l>o  hc-m  cini- 
mernted,  although  their  accurate  study  belftnfja  ralhi/r  to  [Milhul- 
ogy.     First  amongst  tiie#e  to  be  named  is — 

Albmiiin,  which  occurs  from  (1 )  any  great  increaxe  in  iho  blood- 
pressure  in  the  renal  vessels,  whether  caused  by  increaiti'd  iiilliiw 
or  impeded  outflow.  (2.)  Excess  uf  albumin  in  the  blixjd,  iiiid, 
strange  to  say,  some  forms  of  albumin  ettcape  much  more  readily 
than  others.  Thus  egg  albumin,  globulin,  or  pi'ptonp,  if  Intro- 
duced artificially  into  the  blood,  is  soon  found  in  thu  urhm, 
(3.)  A  watery  condition  of  the  blorHl,  such  an  would  k'vo  rii« 

Itu  oedema  elsewhere.     (4.)  Total  alMtinence  from  Nu(^'l  for  domo 
lime.    (5.)  Extensive  destruction  of  ihc  epilhttliuin  of  ihu  urinary 
lubes. ' 
Next  in  importance  to  albumin  arc  the  following  : 
Grape  fiigar;  of  which  normally  rinly  the  mnnml  trutm  attcun 
in  the  urine  although  there  u  alwsyi  s  certain  r|unnlity  in  llio 

•blood.  It  is  pre^Dt  in  large  quantilien  in  (1 )  the  diiwuMi  known 
■8  diabetes,  when  a  great  quantity  of  pale  uriue  with  it  Yt'ty  lili|li 
specific  gravity  is  paaeed.  <'2.)  After  injury  of  •  ciiriniii  |mrl  of 
the  floor  of  the  fourth  ventricle  of  the  braiu.  (X.)  AiU^r  (MjljiontnK 
by  curara,  carl>ouic  oxide,  and  nitnu^  of  amyl.  In  ahorl  any 
disturbance  of  the  circnlataoovftb*  liver  x>ViMrU«  I  "<«UM 

of  sugar  in  the  bl<>(jd,  and  when  tbe  ammiol  r)>a/'l<  xui, 

it  api>ears  in  the  arioe. 

Bite  Acid*  and  Fupmni* ti\i\^^t  iu  t>i»:  ontt"  wtno.  U'liu  iii'iAit 
sion  of  the  bile  ducu,  ibey  find  tb^tr  way  mUi  ibc  M'h./! 

Tjeiiein  and  Ttjrunn  alao  'jtr/.tir  in  iIm;  noitt,  \mi  >m\j  Aft«f  { 
ifound  interforeoce  wiUi  tii«  fuonif/Ti  '/f  iIhi  hv<<f 


404 


MANUAL   OF   PUYSIOIXXJY. 


The  urine  undergoes  important  changes  after  being  voided,  the 
explaQatioii  of  which  is  of  much  interest  to  the  j)ractitioner,  and 
must  be  understood  by  the  student  of  medicine.  (1.)  Cora- 
tiionly  enough  tlie  urine  loses  its  transparency  as  soon  as  it  gets 
cold,  though  perfectly  clear  when  passed,  or  when  again  heated 
to  the  hody-tempcrature,  for  the  urates  are  soluble  in  warm  but 
almost  insoluble  in  cold  water.  This  "muddiness,"  which  soon 
settles  down,  as  a  more  or  less  brightly  colored  sediment,  is 
chiefly  caused  hy  the  precipitation  of  acid  sodium  urate,  stained 
with  a  coloriug  matter  derived  from  the  urochromc.  When 
this  occurs  the  urine  will  always  be  found  to  be  distinctly  acid, 
and  if  it  be  left  standing  for  some  time  in  a  cool  place,  the  acid- 
ity will  be  fmiud  to  increase,  owing  to  the  presence  of  a  peculiar 
fungus  which  sets  up  (irid  fenneiitalion.  This  is  said  to  depend  on 
the  formation  of  lactic  and  acetic  acids,  and  crystals  of  uric  acid, 
amorphous  sodium  urate,  and  crystals  of  lime  oxalate  are  depos- 
ited. 

After  a  certain  time  (which  is  shorter  when  the  urine  is  not 
very  acid  and  is  ex|iosed  to  a  warm  atmosphere)  the  development 
of  bacteria  occurs  in  it,  and  causes  the  urea  to  utiite  with  water, 
and  to  change  in  the  muuuer  already  mentioned  (p.  398)  into 
ammonium  carbonate.  ThiH  gradually  neutralizes  the  acidity, 
and  tinally  renders  the  urine  alkaline.  At  the  same  time  an 
amorphous  precipitate  of  lime  phosphate  appears,  and  crystals  of 
ammonio  magnesium  phosphate  and  of  ammonium  urate  are  pro- 
duced. 


Urinary  Caixuli. 

Various  ingredients  of  the  urine,  which  are  difficult  of  solution, 
sometimes  become  massed  together  as  concretions,  particularly  if 
there  exist  auy  small  foreign  body  in  the  bladder  which  by  act- 
ing as  a  nucleus  lays  the  foundatiou  of  a  stone.  Sometimes  small 
concretions  are  formed  in  the  tubes  or  pelvic  recesses  of  the  kidney, 
and,  when  these  make  their  way  into  the  bladder,  they  cora- 
motily  grow  larger  and  larger.  The  structure  aud  composition  of 
a  calculus  often  give  the  history  of  its  own  transit  from  the  kidney, 
and  also  of  various  changes  in  the  metabolism  of  the  individual, 
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for  successive  layers  of  different  substances  are  generally  found 
in  a  stone  that  has  attainetl  any  great  size.  The  chief  materials 
found  in  calculi  are — uric  acid,  ammonium  urate,  calcium  oxa- 
late and  carbonate,  ammouio-inagnesium  phosphate,  etc. 


Source  of  Urea,  etc. 

The  (luestion  as  to  whether  the  chief  materials  of  the  urine  pre- 
exii^t  in  the  blood  aud  are  therefore  merely  removed  by  the  kid- 
ney, or  arc  manufactured  by  the  special  powers  of  the  renal  cell, 
has  been  widely  discussed,  and  ihoufrh  the  great  weight  of  evidence 
is  in  favor  of  the  former  view,  some  of  the  e.xperimental  results  on 
the  subject  are  rather  conflicting. 

The  followiug  are  the  more  important  points  in  the  argument: 

1.  The  blond  does  normally  contaiu  most  of  the  important  sub- 
stances fouiul  in  the  urine;  so  they  need  not  necessarily  be  made 
in  the  kidney, 

2.  The  bhwd  in  the  vessel  leading  to  the  kidney — the  renal 
artery — is  wid  to  contain  more  urea  than  the  ve-ssel  leading  from 
it — the  renal  vein — so  that  the  blood  appears  to  lose  urea  in  pass- 
ing through  the  kidney. 

3.  If  the  ureters  he  tied  and  the  elimination  be  thus  prevented, 
urea  accumulates  iu  the  blood.  Thin  can  hardly  be  made  by  the 
kidney,  because — 

4.  If  the  renal  arteries  be  tied  so  that  no  blood  goes  to  the  kid- 
neys to  effect  the  elaboration  of  urea  iu  those  organs,  then  the  same 
accumuhilion  results,  showing  that  the  kidneys  are  certainly  not 
the  only  organs  where  urea  is  nrade. 

5.  Extirpation  of  the  kidneys  also  gives  rise  to  a  great  increase 
of  the  urea  in  the  blood.  The  amount  of  urea  iu  the  blood 
after  nephrotomy  is  said  to  increase  steadily  with  the  time  which 
elapses  after  the  operation,  and  the  amount  accumulated  corre- 
spoud.H  to  the  amotmt  that  would  normally  have  been  excreted  in 
the  same  time,  had  the  animal  not  been  operated  upon. 

6.  Lastly.  In  some  diseases  which  greatly  interfere  with,  or 
quite  suppress  the  secretion  of  the  kiiineys,  an  accumulation  in  the 
blood  of  certain  poisonous  or  injurious  materials  takes  place,  and 
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gives  rise  to  the  gravest  Bymptoms  called  uramic  pviisoning,  which 
closely  coincide  with  those  observed  in  experimental  annihilation 
of  the  renal  function. 

From  the  foregoing  it  would  appear  to  be  satisfactorily  settled 
that  the  urea,  which  is  by  far  the  most  important  ingredient  of 
the  secretion  of  the  kidney,  is  probably  made  elsewhere  and  not 
in  that  organ,  whose  duty  seems  to  he  chiefly  to  remove  it  from 
the  blood.  This  is  most  probably  also  true  of  all  the  other  organic 
constituentsof  the  urine.  The  question  then  arises :  Where  is  the 
urea  formeil  ? 

We  naturally  turn  for  an  answer  to  the  most  wide-spread  and 
most  actively  changing  nitrogenous  tissiie,  naniely  muscle.  Here, 
however,  we  find  no  response,  for  neither  does  muscle  contain 
much  urea,  nor  does  any  very  active  muscular  work  perceptibly 
increase  the  general  urea  elimination.  In  muscle,  however,  a 
material  closely  allied  to  and  readily  convertible  into  urea,  namely 
kreatin,  occurs,  and  it  has  been  suggested  that  this  substance  is 
cbatiged  into  urcii  in  the  kidney.  This  cannot  explain  the  origin 
of  all  the  urea  which  appears  In  the  urine,  for,as  already  remarked, 
the  urea  excretion  does  not  correspond  with  the  muscle  meta- 
bolism. 

Without  for  one  moment  doubting  that  some,  probably  a  con- 
siderable quantity  of  urea  comes  from  muscle,  which  forms  so 
large  a  part  of  our  bodies',  we  conclude  that  tiicre  must  be  and 
assuredly  are  many  other  sources  of  urea,  as  there  are  many  other 
parts  or  organs  wliere  nitrogenous  textures  are  undergoing  chem- 
ical changes  and  gradual  waste. 

One  source  of  urea — the  liver,  is  specially  worthy  of  ni>te,  since 
it  helps  to  explain  the  striking  relation  between  the  amount  of 
albuminous  food  and  the  quantity  of  urea  eliminated,  the  latter 
following  immediately  and  running  parallel  with  the  former. 
There  can  be  no  doubt  that  most  people  consume  much  more  al- 
buminous food  than  is  necessary  for  the  adequate  nutrition  and 
preservation  of  the  nitrogeuous  tissues,  and  therefore  must  have 
a  surplus  of  nitrogenous  material  in  their  bodies.  It  may  be  re- 
membered, as  was  pointed  out  in  the  chapter  on  digestion,  that  iu 
"U  parta  of  the  alimentary  tract  there  is  a  limit  to  the  absorption 
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of  peptoaes,  and  that  in  the  small  intestioe  when  delay  in  absorp- 
tion occura  the  decom position  of  peptones  results,  because  in  pro- 
Jonped  pancreatic  digestion  these  peptones  are  changed  into  leuciu 
(CjH^NO,)  and  tyrosin  (C',II„NO,)  iind  as  such  pass  into  the 
portal  circulation  to  be  borne  to  the  liver.  In  the  liver  it  is 
highly  probable  that  these  bodies  are  converted  into  urea,  for, 
when  they  arc  introduced  into  the  intestinal  tract,  they  are  ab- 
sorbed and  an  excess  of  urea  appears  in  the  urine.  Tiius  the  ex- 
cessive pari  of  the  proteid  food,  before  it  really  enters  the  system, 
is  broken  up  in  the  intestine  into  bodies  which,  notwithstanding 
the  chemical  difficulty  of  explaining  the  process,  may  be  regarded 
as  a  step  towards  the  formation  of  urea. 

Nervoup  Mechanism  of  the  Urinary  Secretion. 

With  regard  to  the  influence  exerted  by  the  nervous  system  on 
the  renal  secretion,  we  have  but  little  satisfactory  informnttou, 
although  there  can  be  no  doubt  that  here,  as  in  other  glands,  the 
process  is  under  the  control  of  the  nerves.  Many  of  the  circum- 
stances which  cause  greater  activity  of  secretion,  such  as  taking 
large  quantities  of  water,  etc.,  have  no  effect  on  the  general  blood 
pressure,  so  that,  if  the  increased  flow  be  brought  about  by  the 
vaso-raotor  mechaiii.sm,i,  it  must  be  by  means  of  nervous  channels 
altering  the  blood  flow  in  the  sjwcial  arteries  of  the  glands.  We 
know  further  that  emotional  conditions,  such  as  hysteria,  exist  in 
which  an  unaccountably  great  quantity  of  urine  of  very  low  spe- 
cific gravity  is  evacuated. 

With  regard  to  the  efTecta  of  the  vaso-raotor  nerves,  we  know 
that  section  of  all  the  nervous  twigs  going  to  the  kidnevs  causes 
great  congestion  and  an  immense  increase  in  the  secretion,  which 
commonly  contains  albumin.  This  no  doubt  depends  on  the  sud- 
den rise  in  pre.s.sure  in  the  glomeruli,  owing  to  the  dilatation  of 
the  arterioles.  If  the  splauchiiics,  in  which  the  renal  vaso-motor 
nerves  run,  be  cut,  a  great  quantity  of  urine  is  produced  from  the 
same  cause — vaso-motor  paraly.'is — hut,  on  account  of  the  large 
area  of  vessels  injured,  the  general  blood-prc.s.'ture  falls,  and  there- 
fore the  effect  is  not  so  much  marked.  If  the  peripheral  end  of 
the  cut  nerves  be  stimulated,  the  secretion  is  diminished,  and, 
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owing  to  spasm  of  the  renal  arterioles  and  fall  of  bli)od-pre3sure 
in  the  glomerular  capillaries,  may  be  brought  to  a  standstill. 
Section  of  the  spinai  curd  at  the  7lh  cervical  vertebra  stops  the 
flow,  because  it  so  reduces  the  general  blood-pressure  that  the 
pressure  in  the  renal  vessels  falls  below  that  necessary  for  the  fil- 
tration of  the  urine. 

Pa&siaoe  of  the  Urine  to  the  Bladder. 

The  pressure  exerted  by  the  blood  in  the  glomerular  capillaries 
is  quite  sufficient  to  make  the  urine  flow  from  the  pelvis  of  the 
kidneys  into  the  bladder,  because  when  the  ureters  are  tied  they 
become  distended  above  the  ligature  by  the  urine  flowing  from 
the  pelvis,  where  a  pressure  may  be  produced  of  some  forty  milli- 
metres of  Hg,  at  which  pressure  the  secretion  stops  and  becomes 
somewhat  changed  in  chemical  composition  (kreatin  appearing  in 
greater  quantity). 

Normally,  however,  the  passage  of  the  urine  along  the  ureters 
is  accoinplisihed  by  the  peristaltic  motion  of  the  ducts,  which  goes 
on  alternately  in  the  two  ureters,  so  that  the  urine  flows  into  the 
bladder  at  different  periods  from  the  right  aud  left  kidney. 

The  ureters  have  a  strong  raitldie  coat  of  smooth  muscle  along 
which  a  wave  of  contraction,  lasting  about  one-third  of  a  second, 
passes  rhythmically  in  about  six  t<i  leu  seconds  from  the  pelvis  of 
the  kidney  to  the  bladder. 

Having  reached  the  bladder,  the  urine  cannot  return  into  the 
ureters  on  account  of  the  oblique  way  in  Avhich  these  ducts  pass 
through  the  waits  of  the  bladder.  When  the  pressure  in  the 
bladder  increases,  the  opening  of  the  ducts  becomes  closed  and 
acts  aa  a  kind  of  valve. 

The  urine,  which  is  continuously  secreted  and  rhythmically 
conveyed  to  the  bladder,  is  only  voided  at  convenient  seasons; 
therefore  special  arrangements  exist  for  its  retention  aud  expul- 
sion. 

The  retention  of  urine  in  the  bladder  up  to  a  certain  point 
de]>endsou  the  elasticity  of  the  parts  concerned,  the  dense  elastic 
tissues  around  its  outlet  being  able  to  resist  the  elastic  force  ex- 
erted by  the  viscera  and  the  walls  of  the  bladder  upon  its  con- 
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teuts.  Thus  where  no  active  muscular  forces  cao  possibly  come 
into  play,  as  in  the  case  of  the  dead  subject,  or  iu  complete  paral- 
ysis following  destruction  of  the  spinal  cord,  a  considerable 
amount  of  urine  is  retained.  But  when  a  certain  pressure  is 
attained  by  the  gradual  accumulation  of  urine  within  the  blad- 
der, ihe  elasticity  of  (he  sphiucter  and  the  other  tissues  around 
the  outlet  is  overcome  by  the  elasticity  of  the  bladder  wall,  and 
the  urine  slowly  dribbles  away. 

In  the  normal  condition  there  are  two  sets  of  muscular  mech- 
anisms which  aid  the  elastic  forces  just  named. 

They  may  be  regarded  as  antagonistic — the  one,  the  sphincter 
muscle,  by  contracting,  strengthens  the  elastic  power  of  the  tissues 
around  the  urethra  which  retains  the  urine;  the  other  formed  by 
the  muscle-coat  of  the  bladder,  called  the  deirttnor  itrina:,  as  we 
shall  see  presently,  is  the  chief  agent  iu  actively  expelling  the 
urine.  When  these  muscles  are  iu  good  working  order,  much 
more  urine  can  be  conveniently  retained  than  the  elasticity  of 
the  tissues  about  the  urethra  would  permit  of.  If  the  spinal  cord 
be  destroyed  the  bladder  can  only  retain  about  one-third  the 
quantity  of  urine  it  conveniently  holds  when  the  cord  is  intact. 
We  must,  then,  suppose  that  the  sphincter  muscle  acts  more  pow- 
erfully when  the  elastic  forces  are  equalized.  The  accumulation 
of  urine  after  a  certain  time  gives  the  sensation  known  as  a  full 
bladder,  but  this  feeling  is  not  necessarily  accorapauied  by  any 
immediate  call  to  make  water,  though  it  soon  produces  a  desire 
iu  that  direction.  We  suppose,  then,  that  the  stimulus  given  to 
the  sensory  nerves  by  filling  the  bladder  causes  reflexly  a  con- 
striction of  the  sphincter  muscle,  so  that,  in  proportion  as  the 
pressure  within  the  bladder  increases,  the  resistance  to  its  outflow 
is  also  augmented.  This  does  not  imply  any  automatic  action 
of  the  sphincter  vesicic,  but  merely  a  constant  reflex  excitation 
of  that  muscle,  which  secures  its  contraction  and  the  retention 
of  a  con.siderable  amount  of  urine  without  the  intervention  of 
voluntary  influences  or  attention. 

Micturitioti,  or  the  expulsion  of  the  urine,  does  not  normally 
ever  depend  ou  elastic  forces  alone,  as  in  the  case  mentioned  of 
paralytic  incontinence,  when  the  urine  commences  to  dribble  away 
as  soon  as  a  certain  pressure  is  attained  within  the  bladder. 
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When  the  bladder  is  full,  the  elastic  forces  tendiug  to  expel  its 
couteiitB  increase,  and,  as  we  have  Been,  the  resistance  is  propor- 
tionately augmented.  I'nder  ordinary  circurnstauces,  then,  there 
is  a  combat  going  on  between  the  expelling  and  retaining  powers 
(neither  the  muscle  in  the  wall  of  the  bladder  nor  voluntary 
effort,  however,  coming  into  action),  in  which  the  retaining  forces 
are  just  able  to  overcome  the  expelling  elastic  pressure.  If  the 
urine  be  retained  for  a  considerable  time,  a  moment  arrives  when 
the  reflex  stimulation  of  the  sphincter  no  longer  suffices  to  keep 
back  the  fluid,  and  the  voluntary  contraction  of  the  neighboring 
muscles  has  to  be  called  to  the  aid  of  the  sphincter.  Under  these 
circumstances,  if  a  drop  of  urine  make  its  way  into  the  sensitive 
urethra  matters  are  greatly  altered.  Now,  even  voluntary  eflTort 
does  not  suffice  to  keep  back  the  stream,  and  an  imperative  call 
is  made  upon  the  local  mechanisms  to  empty  the  bladder.  This 
is  accomplished  by  the  contraction  of  the  muscular  coat  of  the 
bladder,  whicli  is  excited  reflexly  by  the  stimulus  starting  from 
the  mucous  mcrabrttoe  lining  the  urethra.  The  evacuation  of  the 
bladder  is  then  accomplished  quite  independently  of  the  will  by 
a  reflex  act,  which  may  even  be  unconscious. 

When  the  urine  once  commences  to  flow  it  continues  until  the 
bladder  is  quite  enijity,  the  last  drops  of  urine  being  expelled 
from  the  urethra  by  rhythmical  spasms  of  the  muscles  around 
the  bulbous  portion  of  that  canal.  The  sequence  of  events  will 
then  be — stimutntiou  of  the  mucous  membrane  of  the  urethra  by 
escai*  of  urine,  coutruclion  of  the  detrusor  uriniu;  relaxation 
of  the  sphincter;  rhythmical  contraction  of  the  ejaculator  urinie, 
and  finally  a  voluntary  twitch  of  the  levator  ani  and  neighboring 
muscles. 

This  sequence  of  events  may  go  on  in  sleep,  as  a  result  of  slight 
local  excitation?,  frequently  in  children,  when  probably  the 
sphincter  is  more  readily  fatigued. 

Under  ordinary  favorable  circumstances,  however,  we  mictu- 
rate voluntarily,  and  the  bladder  is  never  allowed  to  be<'ome  bo 
over-distended  that  the  reflex  contraction  of  the  sphincter  is  in- 
sufficieul  to  retain  the  urine.  Almost  at  any  time  we  can  call 
forth  the  reflex  act  just  described  by  increasing  the  pressure  on 
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the  bladder  hy  voluntary  contraction  of  the  abdominul  muscles ; 
the  diaphragm  being  depressed  and  fixed,  the  lousolea  of  expira- 
tion are  put  into  action,  and  the  contraction  of  the  sphincter 
muscle  being  at  the  same  time  probably  checked  by  the  will,  the 
power  of  retention  is  overcome. 

The  moment  the  balance  of  power  is  thus  tnrned  in  favor  of 


Diagram  of  ilic  Nervous  Mec-hunisin  or  Micturition. — B.  liludiler.  M. 
Abdoiniiml  niiiRcles.  v.  C^rtbrnl  centres,  n.  Kvpresciits  impiilKc»  which 
pans  from  the  liladder  to  tlie  centre  in  the  spinal  cord,  whenTO  tonic  inipiiUes 
are  rcfleoted  and  pits*  along  T  toBphincter,  wliidi  retainR  the  urine.  Wlieu 
the  bladder  in  distended,  inipnlite^i  ijnsa  to  the  brain  by  1,  and  when  we  vill, 
the  loniiH  of  tbesiiiual  centre  8timulating  the  Bjjhincter  is  checked,  and  the 
alKiiiniina!  iiniscles  are  made  by  2  to  force  some  urine  into  neck  of  bladder, 
whence  inipulses  pass  by  3  to  inhibit  the  sphincter  centre  and  excite  the 
detrusor  through  4 

the  expelling  agencies  and  a  drop  of  urine  reaches  the  urethra, 
the  excitation  thus  produced  brings  alwut  the  complete  evacua- 
tion of  the  bladder  without  further  voluntary  oflbrt. 

The  nervous  mechanism  ihat  controls  the  act  of  micturition 
consists  essentially  of  ganglionic  centres  which  are  situated  in  the 
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lumbar  enlargement  of  the  spinal  cord,  and  of  two  .sets  of  nerve 
channels  passing  to  and  from  this  centre.  The  centres  may  be 
said  to  be  composed  of  fuuctioually  distinct  parts — a  retaining 
and  cixicuaiiug  part.  The  retaining  centre  causes  the  sphincter 
nniscie  to  contract.  The  evacuating  centre  can  excite  the  de- 
trusor to  action  while  the  sphincter  is  relaxed  by  the  inhibition 
of  it«  exciting  centre.  One  set  of  nerve  channels  communicates 
between  these  centres  and  the  urinary  organs,  and  the  other  be- 
tween the  cord  centres  and  the  cerebral  hemispheres.  That  which 
connects  the  special  lumbar  centres  with  the  bladder,  contains 
motor  (efferent)  fibres  of  two  kinds,  going  to  the  antagonistic 
muscles,  the  sphincter  vesicse,  acul  the  detrusor  urino;  respectively, 
and  sensory  (afferent)  fibres  of  different  kinds ;  those  going  from 
the  bladder  to  the  nerve  cells  in  the  cord  which  stimulate  them 
and  cause  the  sphincter  to  remain  tonically  contracted,  and  pass- 
ing from  the  raucous  membrane  of  the  urinary  passages  to  these 
ganglionic  cells  in  the  cord  are  two  sets ;  one  of  which  excites 
the  contractions  of  the  detrusor  urina)  and  the  other  inhibits  the 
tonic  action  of  the  retaining  centre. 

The  action  of  the  ganglionic  cells  that  stimulate  the  sphincter 
muscle  can,  to  a  certain  extent,  be  either  aided  or  checked  by 
means  of  cerebral  influences,  so  that  two  kinds  of  fibres  —  a 
stimulating  and  an  inhibitory  one — must  pass  from  the  hemi- 
spheres to  the  micturating  centre  in  the  cord. 

Those  cells  which  govern  the  motions  of  the  detrusor  seem  to 
be  least  under  voluntary  control,  and  are  probably  only  stimulated 
to  action  under  normal  circumstances  by  the  impulses  arising  from 
the  urinary  passages,  and  hence  are  simply  reflex  centres. 

The  effect  of  certain  emotions  on  the  act  of  micturition  seems 
to  show  that  those  ganglion  cells  in  the  cord  which  cause  the 
bladder  to  contract  are  connected  with  the  higher  centres.  Thus, 
extreme  terror  (in  a  dog  at  least)  often  causes  a  forcible  expul- 
sion of  urine,  and  groat  anxiety  or  impatience  seems  in  man  often 
to  have  a  checking  influence,  causing  great  delay  in  initiating 
micturition. 


CHAPTER  XXIII. 


NUTRITION. 


Wf.  can  now  compare  the  incomings  and  oiilp>ings  of  the 
economy,  and  should  now  he  iu  a  position  lo  see  what  light  can 
be  thrown  by  this  comparisou  upon  the  actual  changes  which 
take  place  in  the  textures  of  the  body. 

We  have  seen  that  the  income  is  made  up  of  substances  Ijclong- 
ing  to  the  same  groups  of  materiiils  tis  are  found  in  tlic  Imdy,  viji., 
aibuniius,  fats,  carbo-hydrates,  salts,  and  water,  iutnMluccd  by  the 
alimentary  canal,  and  oxygen,  which  is  admitted  by  the  respira- 
tory apparatus;  whilst  the  outgoings  consist  of  nrcn  from  the 
kidneys,  carbonic  acid  from  tlie  lungs,  certain  excrement  from  the 
intestine  and  other  mucous  passages,  sweat,  sebaceous  secretion, 
epidermal  scales,  from  the  skin  ;  together  with  a  (juantity  of  water 
from  all  these  ways  of  exit.  The  milk,  ova,  and  stmen  iiiiiy  be 
here  omitted,  being  regarded  as  exceptional  losses. 

In  order  that  the  body  may  be  kept  in  its  normal  condition,  it 
is  necessary,  that  the  income  should  ut  least  be  equal  to  the  out- 
goings of  all  kinds,  and,  except  where  growth  is  going  on  rapidly, 
an  income  equal  to  the  exi)eu<liturc  ought  not  only  to  suffice,  but 
be  the  most  satisfactory  amount  of  supply  for  the  economy. 

We  know  that  animals  can  live  for  Bi>me  considerable  time 
without  lood,  in  which  case,  thougli  there  be  no  income,  a  certain 
expenditure  is  necessary  to  sustain  life,  and  therefore  the  outgoings 
continue.  We  ought  thus  to  be  able  to  arrive  in  a  very  simple 
manner  at  the  minimal  expenditure  necessary  for  the  sustenalion 
of  the  body.  We  shall  find,  however,  that  (1)  an  income  equal 
to  this  minimal  expenditure  (starvation)  does  not  at  all  suffice  to 
keep  up  the  body-weight,  and  that  (2)  a  considerable  inargia 
over  and  above  this  minimum  is  necesnary  in  order  to  establbh 
the    nutritive  cfjuitibrium  ;  (.^)  further,  that  the  proportion  of 
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Tbecte 
,»  Jepcitati— if  >*.jy — bj  ike  mpirstorjr 
■■Mdaieljr  pata  ma  tad  to  the 
fiv  Gfe,  ao  thmt  i&e  axjgea-tatsoaM  cmh 
Bot  be  ialuteni  with  witboMl  iaataat  ile»tb  enaning.  Mocemrcr, 
It  hMM  bccB  fiMud  tiiat  a  aMall  floppy  of  water  aaafces  tbe  inresU- 
gatioB  of  the  vmria«*  liaMe  thMgui  mors  wKabla,  by  fiKiHtatiog 
then  and  prolaacuic;  Kit.  We,  thefcfere,  eMMSoalj  apeak  of  a 
total  abaCiaeooa  firaai  aolids  aaatarratioii. 

Whea  dtpriyied  of  fiiod,  thoaa  tiaMS  opoa  wboae  aetiritr  life 
dcpeoda  lanct  feed  opoa  the  OMietiab  aUtnd  op  io  some  part  of 
the  ajuteta.  Tke  finst  qseatioaa  to  dtieina  are  bow  mocii  the  body 
loaea  daily  in  weight  daring  the  time  that  it  ia  tbas  fee<iiiig  on 
itaelf,  and  how  far  tbe  diflerent  indifidual  tiaanea  eoatribute  to 
thialoa. 

Tbe  general  loos  of  weight  i«  directly  eitiiiiated  by  weighing  the 
auiiual,  auil  ike  Ium  of  the  individual  tisnes  is  calculated  by  a 
careful  Bimlpi*  <if  the  variuus  excreta,  by  which  the  exact  aniouut 
of  uitrogen,  ciirlK>nic  acid,  etc.,  are  a*certaioed  :  the  nitrogen  cor- 
reapond*  to  the  loo.-!  of  muscle  ;  nntl  the  carbon  (after  excluding 
that  portion  which  ta  the  outcome  of  niuacle  change,  which  may 
bo  calculati'd  from  the  nitrogen  >  corresponds  to  the  fats  oxidized. 

It  ha*  Imicii  fouDil  that  a  starring  animal  loses  weight  at  Grst 
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rapidly,  and  subsequently  more  alowly ;  and  the  reason  for  this 
difference  is  that  during  the  first  three  or  four  days  the  benefit  of  the 
food  last  eaten  coutiuues,  and  tlie  waste  materials  arc  eliminated 
I  in  proportionately  large  quantity.     When  tljo  influence  of  the 

^H        food  taken  prior  to  the  commencement  of  starvation  has  ceased, 
^H        the  daily  amount  of  materials  eliminated  remains  nearly  constant, 
^H        aud  the  body-weight  diminishes  slowly  until  llic  nnimal's  death. 
I  Adult  animals  commonly  live  until   ihey  iiiive  lust  ahmil  half 

I  of  their  normal  body-weight.   Young  animals  die  when  they  have 

I  lost  about  20  per  cent,  of  their  weight. 

I  Roughly  speaking,  we  may  take  the  body  of  a  man  to  be  made 

^^        up  of  the  followiug  proportions  of  the  more  importaut  textures: 


Muscles, 50  per  cent. 

Kkin  ami  fat, 25        " 

Viscera, 12        " 

Skeleton, 13        " 


Seeing  that  the  muficle  tissue  contributes  such  a  large  projior- 
tlon  to  the  body-weight,  we  cannot  be  surprised  that  in  .•itarvation 
the  greatest  absolute  los.s  occurs  in  this  tissue;  excojit  in  ihe  case  of 
excessively  fat  animals.  Next  comes  adipose  tissue,  which  almost 
entirely  disappears,  the  absolute  loss  from  it  varying  iu  proportion 
to  the  fatness  of  the  animal  at  the  beginning  of  the  investigation. 
The  spleen  and  liver  lose  more  than  half  their  weight,  and  the 
amount  of  blood  is  greatly  reduceil.  The  sniallness  of  the  loss 
that  occurs  iu  the  great  nervous  centres  is  very  striking.  They 
seem  to  feed  on  the  other  tissues. 

The  followiug  table  gives  the  aj)proxiniate  percentage  of  loss 
which  takes  place  in  each  individual  tissue  during  starvation  : 


Kftt, 97.0  per  cent 

Muscle 30.2        " 

Lircr, 56.0        " 

Spleen 63.1        " 

HlfKid, 17.G 

Nerve  centres, 0.  " 


tWith  regard  to  the  portals  by  which  the  various  materials  make 
their  escape,  it  has  been   Ibund  that  piactic4tlly  all   the   nitro- 
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gen  passes  off  with  the  urine,  and  about  nine-tenths  of  the  carbon 
escapes  by  the  lungs  as  CO,,  the  remaining  one-tenth  passing  off 
by  the  intestine  and  kidneys.  Three-fourths  of  the  water  is  found 
in  the  urine,  and  one-fourth  goes  off  from  the  akin  and  lungs. 

The  following  table  shows  the  items  of  the  general  loss,  and  the 
amount  per  cent,  which  passes  out  by  the  chief  channels  of  exit: 


■ 


Toul  Elimination. 

VJ4  Kidney*. 

Lnnn  and 
Skin. 

Excrement 

WdK-r 

Carbon.- 

Nllmgen. 

S»lt« 

996.34  g:nn- 

aor..»6  •' 

SOJI    •• 
10.08    " 

70.2  percent. 
6.4    ■■      •■ 
lOO.O   "      " 
97      •'      " 

26.1  per  cent. 
«.«  ■•     •• 

3.7  per  cent. 

1.9   •■      " 

24   "      •' 

As  the  loss  of  weight  of  an  animal's  body  during  starvation 
i:^  at  first  rapid  and  then  more  gradual,  so  also  the  amount  of 
material  eliminated  is  found  to  diminish  much  more  slowly  after 
the  first  few  days.  This  is  well  seen  from  the  nitrogenous  elinii- 
natiuo.  For  the  first  four  days  the  fall  in  the  amount  of  urea 
excreted  is  very  rapid;  it  then  decreases  almost  constantly  until 
the  death  of  the  auimal,  only  slightly  decreasing  in  proportion 
as  the  animal  slowly  decreases  in  weight.  This  has  led  to  the 
conclusion  that  the  amount  of  nitrogenous  material  eliminated 
during  ordinary  circumstances,  with  a  full  diet,  comes  partly 
from  used-up  nitrogenous  tissues,  and  partly  from  nitrogenous 
materials  wliicli  have  never  really  entered  into  the  composition  of 
the  tissue.'^,  but  rather  are  present  as  surplus  or  floating  nitrogenous 
pabulum.  Ileute,  two  kiuds  of  proteid  are  supposed  to  exist  in 
the  biidy,  viz.,  ( 1)  that  forming  part  of  the  ti.><sues,  and  (2)  that  cir- 
culating as  a  ready  supply  for  the  nutritive  demands  of  the  tissues. 

In  the  second  case  mentioned,  namely,  where  an  amount  of  food 
is  supjilied  which  is  just  equal  to  the  expenditure  which  was  found 
to  take  place  during  starvation,  one  might  suppo.se  that  the  diet, 
though  minimal,  would  yet  suffice  to  preserve  the  normal  body- 
weight.  However,  practice  shows  this  to  be  far  from  what  actually 
occurs. 

An  animal,  fed  an  diet  equal  in  quantity  to  the  outgoings  dur- 
Dg  starvation,  cuntiuues  to  lose  weight,  and  the  quantity  of  ui- 
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tHigenous  substance  eliminated  ('urea;  is  greatly  in  excess  of  the 
low  standard  found  during  complete  abstinence  from  food.  From 
this  it  would  appear  lliat  even  when  supplied  with  an  amount  of 
nitrogenous  material  equal  to  that  drawn  from  the  tissues  during 
starvation,  an  animal  still  takes  a  further  supply  from  its  own 
textures.  Thus  the  body  subsists  on  the  scanty  allowance  of  nu- 
triment it  borrows  from  the  tissues,  during  starvation,  only  so 
long  as  there  is  absolutely  no  food  income,  and  the  moment  any 
food  is  supplied  an  increased  expenditure  is  set  up,  the  income  is 
exceeded,  and  a  deficit  occurs,  which  is  best  seen  in  the  nitrogen 
balance. 

It  follows,  then,  that  feeding  an  animal  on  an  amount  of  food- 
stuffs exactly  corresponding  to  the  quantity  of  nutriment  ab- 
stracted from  its  own  textures  during  total  abstinence  is  only  a 
glower  form  of  starvation. 

With  regard  to  nitrogenous  substances,  it  has  been  proved  that 
nearly  three  times  as  much  as  the  amount  eliminated  during  starv- 
ation is  required  to  establish  an  equilibrium  between  the  income 
and  expenditure  of  those  special  substances,  and  that  any  leas 
than  this  leads  to  a  distinct  nitrogenous  deficit. 


The  third  case  mentioned  in  a  previous  paragraph  (viz., in  which 
the  nutritive  equilibrium  is  exactly  maintained,  so  that  the  body- 
weight  remains  unaltered,  the  gain  and  loss  being  equal)  is  the 
most  important  one  for  us  to  determine,  since  its  final  settlement 
would  enable  uk  to  fix  the  most  beneficial  standard  of  diet.  Un- 
fortunately, this  case  is  also  the  mo»t  difiicult  upon  which  t«t  come 
ton  satisfactory  conclusion,  for  the  following  reasons: 

1.  The  elaborate  nature  of  the  conditions  imposed  during  the 
experiment  makee  it  difficult  to  carry  on  the  investigation  with 
scientific  accuracy. 

2.  Even  when  the  amounts  of  gain  and  loes  exactly  correspond 
we  cannot  say  that  we  have  the  best  dietary ;  because  some  of  the 
income  may  be  quite  usele^e;,  and  pass  through  the  economy  with- 
out having  any  function  to  perform  iu  it.  and  yet  appear  in  the 
output  M>  aa  to  give  ao  accurate  balance. 

3t 
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3.  We  have  just  seen  that  the  relative  amoants  of  oat{ 
aiul  of  luaicrial  laid  by  as  store  are  altered  and  regulated  by  th 
qiiaiillly  of  iiiioiiie.  Aud  we  find  that  the  iiuality  of  the  income, 
i.r.,  the  relative  |)ro[Kirtiiii)8  of  the  various  food-sliilfri,  has  a  ma- 
terial influence  ou  the  quantities  of  material  laid  by  and  elirai- 
nati'd  re-appctivety.  We  must,  therefore,  consider  the  efficacy  of 
ouch  of  tiic  n:rou)»s  of  the  food-stuffs  when  employed  alone  and 
mixc^l  ill  dilferent  proportions.  fl 

4.  Different  animals  seem  to  have  different  powers  of  assiraila-^ 
tion ;   and   nndt-r  viirinus    circumstances   the    requirements   and    . 
tasirailativc  ]Knver  of  tlie  same  animal  may  vary. 

An  animal  fed  ii]mn  a  purely  meal  diet  requires  a  great  amount 
of  it  to  ountrtin  its  body-weight.  It  has  been  found  that  from  Jj- 
l«  j");  of  the  body-weight  in  lean  meat  daily  is  necessary  to  keep 
an  animal  alive  without  either  losing  or  gaining  weight.  If  more 
than  this  amount  be  supplied  the  animal  increases  in  weight,  and 
■8  its  weight  iircreases  a  greater  amount  of  meat  is  required  to 
keep  it  up  \i>  the  new  standard.  So  that  to  produce  a  progressive 
incrcaso  of  weight  with  a  purely  meat  diet,  it  is  necessary  to  keep 
on  tnere»f.ing  the  <iuantity  of  meat  given.  The  reason  of  this  is 
found  in  the  fact  that  albuminous  diet  causes  an  increase  in  the 
changes  occurring  in  the  nitrogenous  tissues.  H 

If  an  animal  which  is  in  extremely  poor  condition  be  given  an 
ad  libitum  supply  of  lean  meat,  only  a  limited  portion  of  the  albu- 
minous subslatico  id  retnined  in  the  tissues.  By  fur  the  larger 
proportion  of  the  nitrogenous  food  is  found  given  oH'aiid  is  repre- 
sented in  the  urine  by  urea,  and  a  comparatively  small  proportion 
is  stored  up.  If  this  large  supply  of  meat  diet  be  continued  for 
some  time,  less  and  less  of  the  albuminous  material  is  stored,  more 
and  more  being  eliminated  as  urea,  until  finally  the  urea  excreted 
justs  corresponds  to  the  alhutniuous  materials  in  the  iugesta.^ 
When  only  meat  is  given,  it  must  be  supplied  iu  large  quantiliesS 
to  maintain  the  balance  of  the  nitrogenous  income  and  expenditure 
which  is  spoken  of  as  nitrogenous  equilibrium.  Upon  the  occur- 
rence of  a  change  in  the  amount  of  nitrogenous  ingesta,  this  nitro- 
genous equililirium  varies,  and  it  takes  some  time  to  become 
tablished,  because  a  decrease  in  the  meat  diet  is  acconij)anied 
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a  decrease  iu  the  weight  <if  the  animal,  and  an  increase  causes  it 
to  put  on  tlesli.  For  each  nuw  hnriy-wciglu  there  is  a  new  nitro- 
jronous  cquilibrinm,  which  is  only  attained  after  the  disturbed 
relation  between  tlic  nitrogenous  iugesita  and  excreta  has  been 
readjusted. 

The  increase  of  weight  which  follows  a  liberal  meat  diet  depends 
iu  a  great  measure  on  (jat  being  stored  up  iu  the  body.  Much 
more  of  this  material  is  made  thau  could  come  frotu  the  fat  taken 
with  the  meat;  hence,  we  must  conclude  that  it  is  made  from  the 
albuminous  parts  of  the  meat. 

The  effect  of  a  diet  without  any  albuminous  food  is  that  the 
animal  dies  of  starvation  nearly  as  soon  as  if  deprived  of  all  forms 
of  fiiod,  with  the  exception  that  the  weight  of  the  body  is  much 
less  reduced  at  the  time  of  death. 

The  addition  of  fut9  and  sugars  to  meat  diet  allows  a  cousider- 
able  reduction  to  be  made  in  the  <*upply  of  meat,  and  both  the 
body-weight  and  niirogerious  tissue  change  can  be  kept  in  equi- 
librium on  a  smaller  amonut  of  food.  It  has  been  estimated  that 
the  nitrogenous  tissue  change  is  reduced  7  per  cent,  by  the  addi- 
tion of  flit,  and  10  per  cent,  by  the  addition  of  carbuhydrate  food 
to  the  meat  diet ;  therefore  less  meat  is  wanted  to  nnike  up  nitro- 
genous tissues.  Further,  fata  and  sugars,  which  obviously  cannot 
of  themselves  form  an  uilequate  diet,  since  they  contain  uo  nitro- 
gen, seem  to  have  the  power  of  accomplishing  t-ome  end  iu  the 
economy  which,  in  their  absence,  requires  a  considerable  expen- 
diture of  nitrogenous  raateriiils  to  bring  about.  Fats  and  sugars, 
then,  supply  to  the  bmiy  readily  oxidizablo  luaterials,  and  thus 
shield  the  albuminous  tissues  from  oxidation,  as  well  as  reduce 
absolutely  the  nitrogenous  metabolism. 

It  would  further  appear  from  the  ex[)erience  gained  from  the 
stall-feeding  of  animals  that  a  good  supply  of  carbohydrates,  to- 
gether with  a  limited  quantity  of  nitrogenous  food,  is  admirably 
adapted  to  produce  fat.  Siuce  njuch  more  fat  has  been  found  to  be 
produced  in  pigs  thau  could  be  accounted  for  by  the  albuminous 
and  fatty  cimstitueuts  of  their  diet,  we  must  suppose  that  from 
their  carbohydrated  Ibod  fat  cau  be  manufactured  iu  their  body. 

Much  of  the  difficulty  found  in  reconciling  the  opinions  of  dif- 
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ferent  autbore  upon  this  point  can  be  retnoTed.  and  ■  geaend  ide* 
of  (he  manufacture  of  fats  from  varioiu  (bod-stuffi  c«o  be  gained, 
by  bearing  in  mind  (he  acaimiiati  ve  and  ■ecretire  funetiooa  of  tbe 
protoplasm.  There  can  be  no  doubt  whatever  that  tbe  active 
protoplai<m  of  many  parts  and  organs  if  properly  nourished  can 
manufacture  fat.  At  examples,  we  may  take  the  liver  and  mam- 
mary cells,  and  those  connective  tissue  cells  which  have  no  great 
nutritive  duty  to  attend  to.  This  fat  production  by  tbe  proto- 
plasm may  be  regarded  as  a  secretion  of  fat,  though  only  in  one 
of  the  examples  given  does  it  appear  externally  as  a  de6nite 
Kcretion — milk.  We  cannot  scrutinize  the  chemical  methods  by 
which  this  change  isbrtjught  about  in  protoplasm,  any  more  than 
those  which  give  rise  to  any  other  secretion.  We  know  that  pro- 
toplasm uses  as  pabulum,  albumin,  fat,  and  carbohydrate,  and 
we  have  no  reason  to  doubt  that  the  proportion  of  these  materials 
found  to  form  tbe  most  nutritious  diet  for  tbe  body  generally,  is 
aUo  the  proportion  in  which  protoplasm  can  best  make  use  of 
them.  Probably  «uch  cellt^  as  part  with  a  material  containing 
nitrogen — such  as  mucin-yielding  gland  cells — require  a  greater 
proportion  of  pabulum  containing  nitrogen  (albumin)  for  their 
perfect  function.  Probably  those  cells  which  produce  a  large 
quantity  of  non-nitrogenous  material  do  not  require  more  nitro- 
gen than  is  necessary  for  their  perfect  reintegration  as  nitrogenous 
bfjdies.  But  for  their  active  function,  i.e.,  the  manufacture  of 
their  secretion,  they  only  require  a  pabulum  which  contains  the 
same  chemical  elements  as  are  to  be  found  in  the  output.  In  the 
caae  of  fat-formation,  then,  a  supply  of  fat  or  carbohydrate  ought 
(0  suffice  if  accompanied  by  a  small  amount  of  albuminous  sub- 
stance. If  these  non-uilrogeuous  substances  be  withheld,  the 
protoplasm  can  no  doubt  obtain  the  quantity  of  carbon,  hydro- 
gen, and  oxygen  requisite  to  manufacture  fat  from  albumin,  and 
thus  a  large  amount  of  nitrogen  will  be  wasted. 

There  is  nothing  in  tbe  foregoing  statement  that  is  not  in  ac< 
cord  with  the  results  of  practice  and  experiment. 

Fat  cannot  be  produced  without  nitrogen  in  the  diet,  because 
the  fat-manufacturing  protoplasm  cannot  live  without  nitrogen, 
which  is  absolutely  necessary  for  its  own  assimilative  reintegra- 
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tioo.  A  good  supply  of  oitrogcnoas  food  aiiU  in  fattcniug.  since 
it  gives  vigor  to  all  the  protoplasmic  metabolisms,  aud  among 
them  fat-formation. 

The  albuminoid  substance.,  geUtlin,  which  is  an  important  item 
in  the  food  we  ordinarily  make  use  of,  is  able  to  effect  a  saving 
in  the  albuminous  food-stuffs.  Although  it  wutains  a  sufficiently 
large  proportion  of  nitrogen,  it  cannot  satisfactorily  replace  albu- 
min in  the  food.  Indeed,  in  spite  of  the  great  similarity  iu  its 
chemical  composition  to  albuminous  bu<iies,  it  is  hardly  a  better 
substitute  for  proteidt*  than  fat  or  carbohydrate ;  and,  allhuugh 
an  animal  uses  up  less  of  its  tissue  nitrogen  on  a  diet  of  gelatin 
and  fat  than  when  it  is  fed  on  fat  alone,  it  soon  dies,  as  if  its  diet 
contained  no  nitrogenous  substaucc. 

The  last  case  we  have  to  consider  is  that  iu  which  the  supply 
of  fowl-material  is  in  excess  of  the  requirements  of  the  economy. 
This  is  certainly  the  commonest  case  in  man. 

Much  of  the  surplus  food  never  really  enters  the  system  but  is 
conveyed  away  with  the  fajces. 

In  speaking  of  pancreatic  digestion,  reference  has  been  made 
to  the  possible  destiny  of  excess  of  uitrugenous  food.  In  the  in- 
testine, some  of  it  is  decomposed  into  leucin  and  tyrosiu,  which 
are  absorbed  into  the  intestinal  bloodvessels.  In  the  body  these 
substances  undergo  further  changes,  which  probably  take  place 
in  the  liver.  As  a  result  of  the  absorption  of  leucin,  a  larger 
quantity  of  urea  appears  in  the  urine,  and  lience  the  Icuciu  formed 
iu  the  iule^tinc  by  prolonged  pancreatic  digestion  is  a  source  of 
urea.  (See  pp.  161,  407.;  This  view  is  supported  by  the  almost 
immediate  increase  in  the  quantity  of  urea  eliminated  when 
albuminous  food  is  taken  iu  large  quantity. 

From  the  fact  that  a  considerable  amount  of  fat  may  be  stored 
up  by  an  animal  supplied  wilb  a  liberal  diet  of  lean  meat,  wo 
must  conclude  that  part  at  least  of  the  surplus  albumin  goes  to 
form  fat.  It  has  been  suggested  (hat  after  sufficient  albumin  has 
been  absorbed  for  the  nutritive  requiremetits  of  the  nitrogenous 
tissues,  the  rest  is  split  up  into  two  parts,  one  of  which  is  imme- 
diately prepared   fur  elimination  as  urea  by  the  liver,  aud  the 
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Other  undergoes  changes,  probablf  in  the  same  organ,  which  re- 
sult in  iu  being  converted  into  fat. 

It  would  further  tseem  probable,  from  the  manner  in  which  the 
urea  excretion  changes  during  starvation,  that,  as  before  men- 
tioned, the  absorbed  albumin  exists  in  the  economy  in  two  forms: 
one  in  which  it  bus  been  actually  ai<similatcd  by  the  nitrogenous 
tisi^ucs  and  forms  part  of  them,  and  hence  is  called  organ-albumin; 
the  other,  which  is  merely  in  solution  in  the  fluids  of  the  body, 
being  in  stock,  but  not  yet  absolutely  assimilated,  and  hence 
called  circulating  albumin.  The  latter  passes  away  during  the 
first  few  days  of  stJjrvution,  being  probably  broken  up  to  form  urea, 
and  a  material  which  serves  the  turn  of  non-nitrogenous  food. 
The  organ-albumin  only  appears  to  he  used  for  the  formation  of 
urea  after  the  circulating  albumin  has  completely  disappeared. 

From  the  foregoing  it  will  bo  gathered  that  we  cannot  say  what 
are  the  exact  destinies  of  the  various  food-stufls  in  the  body. 
Proteids  are  not  exclusively  utili/.ed  iu  the  reintegration  of  pro- 
teid  tissues,  as  au  excess  gives  rise  to  a  deposit  of  fat.  Carbohy- 
drates are  not  turned  into  glycogen  in  the  tissues  simply  to  replace 
the  carbohydrates  used,  but  as  will  be  shown  when  speaking  of 
muscle  metabolism,  they  are  intimately  related  to  the  chemical 
changes  which  take  place  during  the  activity  of  that  tiiisue.  If 
fats  are  chiefly  devoted  to  the  restitution  of  the  fat  of  the  body, 
they  certainly  are  not  the  only  kind  of  food  from  which  fat  can 
be  made. 

We  may  say,  then,  that  all  food-stuffs  are  destined  to  feed  the 
living  protoplasm,  whether  it  be  in  the  form  of  gland  cells,  the 
cells  of  the  cunuective  tist^ues,  or  muscle-plasma,  so  that  all  the 
food-stuffs  that  are  really  assimilated,  contribute  to  the  mainte- 
nance of  protoplasm  and  subserve  to  its  various  functions.  Be- 
sides Dourifthing  itself  aud  keeping  itself  up  to  a  certain  standard 
composition,  protoplasm,  or  rather  the  various  protoplasmata, 
can  make  the  various  chemical  materials  we  find  iu  the  body. 
Some  produce  fat,  some  iinimal  starch  (glycogen),  and  others 
manufacture  the  various  subfitaiices  we  find  in  the  secretions ;  while 
yet  another  group  is  devoted  to  setting  free  aud  utilizing  the 
energy  of  the  various  chemical  associations. 
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Bol  all  Uw  food  we  eal  is  not  aMiMiUted :  indeed.  Um  deatiay 
of  Ibe  nmwmenmm  ingradieata  of  oar  complex  dictarieB  is  aot  euil  j 
traced.  Of  rood-staf&  proper  the  fbllowing  classification  may  be 
made,  sfaowiog  tbat  even  the  same  stuff  may  meet  with  a  difl^tent 
fate  under  different  circumstances : 

1.  Stuff?  which  never  enter  the  economy  (fteces). 

2.  Materials  absorbed  and  arriving  at  the  bloo<l  are  at  once 

carrie<i  to  certain  portals  of  excretion  (^excess  of  salts). 

3.  Substances  which  are  broken  up  in  the  intestine  to  facili- 

tate their  elimination  (excess  of  proteidV 

4.  Substances^  absorbed  and  carried  along  by  the  fluids,  but 
not  really  united  to  the  tissues  (circulating  albumin). 

5.  Mnterials  which,  afler  their  absorptiou,  are  really  assimi- 

lated by  the  protoplasm  of  the  tissues  (a  certain  aiiiuuut 
of  all  food-8tu(&). 

6.  Substances  which,  after  their  assimilatiou  by  the  pritto- 

plasm,  reappear  in  their  original  form,  aud  are  stort^i 
up  (fats). 

The  question  of  the  exact  amounts  and  materials  required  to 
form  the  most  economic  and  wholesome  dietary  is  one  of  loo 
great  practical  im[>orlaDce  to  receive  adequate  attention  in  this 
manual.  As  a  rule  men,  like  other  animals,  partake  of  fond 
largely  in  excess  of  their  physiological  requireracuts  when  tboy 
can  get  it.  This  may  be  seen  by  coiilrastinj;  one's  own  daily  food 
with  the  amount  wliieli  has  been  fonnil  to  be  adequate  ii)  the  ciisc 
of  individuals  who  have  not  the  opportunity  of  regn luting  their 
own  supplies  of  comestibles. 

An  adult  miin  sluiulil  bo  well  nourished  if  be  he  supplied  with 
the  jbl lowing  daily  diet: 

Albuminous  foods,      ....  100  grms.  or    3.A  on. 

Fats 00      "      "    3.1    " 

Starch 300      "      "  10.7    " 

Salts, 30      "       "     1.0    " 

Water, 2K0O      "      "     5  |.ir>lj 

As  a  matter  of  fact,  many  persoDs  do  thrive  on  a  much  le 
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qaaDtity  of  proteid  than  that  givoi  in  this  table,  bat  in  their  case 
die  fiits  and  starches  should  be  proportionately  increased. 

Such  a  dietary  could  be  obtained  from  many  comestibles  alooe, 
and  hence  the  taste  of  the  individual  may  be  exercised  in  select- 
ing his  food  without  much  departing  from  such  a  standard.  In- 
dividual taste  commonly  selects  foods  with  too  much  proteid — 
we.,  an  excess  of  nitrogen — whilst  the  cheapness  of  vegetable 
products  dictates  their  use  in  greater  abundance  as  food. 

Compare  Chap.  V.,  p.  93,  where  the  quantity  of  the  different 
food-stuflb  in  some  of  our  common  articles  of  diet  is  given. 


CHAPTER  XXIV. 


AlTDtJiL  H£AT. 


Pab  of  tJbe  wwk 
liatfce 

:  the  body  wmni ;  ibr  tke 
sdefahiy  wanao- tihaa  tbeir 

ue  tbon  vfckb  babitaiUj 


fret  bjtk*  A—kml 
«  Wat  vkkh  B  d«ro«di  to 
of  aoal  unMli  at*  coa- 
Wsna-bioodcd  Mu- 
•a  evra  teatpentare 


I  take  phwe  ia  that  of  tlM  aedUm 
in  wbidi  tky  fire ;  aad  as  tW  tcna  «am-Uooded  iaplieB,  tfMir 
teaBpefatnre  h,  as  a  mk,  bigfaer  than  tlw  surroomiiog  air  or 
water.  Cold-Mooded  aaiiaah,  c«  the  other  hand,  are  tboee  wbc— 
temperatme  k  eo— MenWy  alfected  by,  or  more  or  I«8b  ehieely 
foDowB,  that  of  the  medium  surrounding  them. 

The  blood  of  all  mammalia  has  pretty  much  the  same  tempera- 
ture a«  that  of  man,  about  37.5°  C,  and  proUabiy  Tariea  under 
similar  circumstances.  But  bird»,  the  other  class  of  warm-blooded 
animab,  have  a  temperature  about  4°  or  6°  C.  higher  than  that 
of  mammals. 

The  blood  of  those  animals  whose  temperature  follows  tho 
changes  that  occur  around  them,  is  generally  from  1"  to  S*"  C. 
higher  than  the  medium  in  which  they  live.  They  produce  somo 
heat,  though  it  be  in  small  quantity,  and  since  they  linvo  ni>  s|KH-iiil 
plan  for  its  regulation,  it  does  not  remain  at  n  certain  slaniliinl. 
Wherever  active  oxidization  takes  place,  heat  is  produceil ;  so 
even  in  invertebrate  animals  an  elevation  of  tcmporature  occurs; 
this  can  be  easily  ascertained  when  they  exist  in  maswa,  aa  bcm, 
an  active  hive  sometimes  reaching  a  tem|)erature  of  35"  C. 

Instead  of  the  terra  "  warm-blooded,"  it  is  more  accurato  to 
apply  to  animals  whose  temperature  remains  uniformly  cvon,  and 
independent  of  tbeir  surroundings,  the  term  "  Jlotiutolhermie" 
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(constant  temperature),  and  to  animaU  with  temperatures  varying 
with  their  surroundings  "  Poikilolhermic"  (or  changing  tempera- 
ture), instead  of  the  words  warm-  and  cold-blooded. 

Mkasikement  of  Temperature. 

On  account  of  the  slight  degrees  of  variation  that  occur  in  the 
temperature  of  man,  all  the  changes  taking  place  can  be  measured 
with  a  thermometer  having  a  short  scale  of  some  20  degrees,  each 
degree  of  which  occupies  considerable  length  on  the  instrument, 
so  that  very  slight  variations  may  be  easily  appreciated.  Such 
thermometers,  with  an  arrangement  for  self- registering  the  maxi- 
mum iieight  attained  by  the  column  of  mercury,  are  in  daily  use 
f<)r  clinical  observation,  for  the  temperature  of  the  body  is  now  a 
most  important  aid  to  diagnosis  and  prognosis  in  a  large  class  of 
diseases. 

As  hfat  is  constantly  being  lost  at  the  surface  of  the  body,  the 
skin  is  colder  than  the  deeper  parts,  and  in  order  to  avoid  varia- 
tions caused  by  this  surface  loss — which  depends  in  a  measure  on 
the  temperature  of  the  air — special  arraugcment-s  are  necessary 
to  prevent  the  thermometer  being  too  much  influenced  by  it. 
The  instrument  may  be  brought  into  close  proximity  to  the  deeper 
parts  by  being  introduced  into  one  of  the  raucous  passages,  where 
it  is  surrounded  by  vascular  tissue.  In  animals  the  rectum  is  the 
most  convenient  part  for  the  application  of  the  thermometer,  but 
in  clinical  practice  it  is  usually  placed  under  the  tongue,  or  in 
the  arm-pit,  the  bulb  being  held  so  that  on  all  sides  it  is  in  con- 
tact with  the  skin  and  protected  from  the  cool  air. 

The  variations  at  different  parts  of  the  body  are  but  slight,  and 
the  average  normal  temperature  in  tnan  is  found  to  be  about  37°  C. 

Normal  VARrAXioNs  in  Temperature. 

The  normal  temperature  undergoes  certain  variations,  some  of 
which  are  :  i  1.)  Regular  and  periodical,  depending  upon  the  time 
of  day,  the  ingestion  of  food,  and  the  age  of  the  individual.  (2.) 
Accidental  circumstances,  such  as  mental  or  bodily  exertion. 

a.  The  temperature  is  highest  between  4  and  5  p.m.  and  lowosf 
between  2  and  4  a.m., the  transition  being  gradual.     This  diurnal 
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variation,  which  normally  does  not  much  exceed  1°  C,  is  much 
exaggerated  iu  hectic  fever. 

b.  The  temperature  rises  after  a  hearty  meal  and  falls  during 
fasting.  Duriug  starvation  the  temperature  sinks  gradually  until 
the  death  of  the  individual. 

c.  The  temperature  is  highest  at  birth,  and  falls  about  1°  C. 
between  that  and  the  age  of  50  years, — in  extreme  old  age  it  is 
said  that  it  again  rises. 

d.  Muscular  exertion,  which  gives  the  individual  the  sensation 
of  great  warmth,  only  chaugcs  the  temperature  of  the  blood  about 
.6°  C.  The  very  high  temperature  which  accompanies  the  disease 
Tetanus,  where  all  the  muscles  are  thrown  into  a  state  of  spasm, 
probably  dejtends  more  on  pathological  changes  than  on  muscular 
action. 

e.  Mental  exertion  is  also  said  to  cause  a  rise  of  temperature. 
/.  Slight  differences  in  the  heat  of  the  blood  may  be  brought 

about  by  variations  in  the  surrounding  temperature.  The  abnor- 
mally high  temperature  of  fever  is  much  more  easily  aHucted  by 
changes  in  the  rate  of  removal  of  the  heat  from  the  body,  than  is 
the* normal  temperature,  and  hence  the  therapeutic  value  of  cold 
applications  in  this  class  of  diseases. 

The  temperature  of  different  parts  of  the  body  varies  in  a  slight 
degree,  and  depends  upon  the  following  circumstances:  1.  The 
amount  of  blood  flowing  through  them ;  for  the  blood  is  the 
great  carrier  of  warmth  from  one  part  to  another,  supplying 
heat  where  it  is  lost  by  exfjosure,  etc.,  and  it  conveys  material 
to  those  parts  where  the  heat  is  generated.  2.  The  amount  of 
heat  produced  in  a  given  part,  i.e.,  the  activity  of  its  tissue 
change.  3,  The  amount  of  heat  lost,  which  depends  on  (a)  the 
extent  of  surface;  (i)  the  external  temperalure;  (c)  the  power 
of  conduction  of,  and"  the  capacity  for  heat  of  the  surrounding 
medium. 

From  this  it  ia  obvious  that  the  deeper  parts  of  the  body,  where 
active  chemical  change  takes  place  and  which  are  protected  from 
exposure,  must  be  warmer  than  the  exterior,  which  is  constantly 
losing  its  beat  to  the  air.  The  blood  then  which  flows  through 
the  surface  vessels  is  cooled,  and  that  which  flows  through  the 
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deeper  vascular  Tiscera  is  warmed.  Thus  the  skin  is  usually  about 
37°  C,  while  the  mouth  beneath  the  tongue  is  about  37.5°  C, 
and  the  rectum  about  38°  C.  Accordingly,  then,  as  the  blood  has 
recently  passed  through  a  part  of  the  body  where  it  has  had  an 
opportunity  of  losing  or  gaining  heat,  its  temperature  varies,  but 
only  within  narrow  limits.  The  mean  temperature  of  the  blood  is 
higher  than  that  of  any  other  tissue.  The  blood  in  the  hepatic 
capillaries  is  the  warmest  in  the  body.  This  reaches  40.73°  in  the 
dog,  or  nearly  two  degrees  higher  than  that  in  the  aorta  of  that 
animal.  The  cool  blood  from  the  extremities  and  head  mingling 
in  the  right  side  of  the  heart  with  the  unusually  warm  blood  from 
the  liver  keeps  the  blood  going  to  the  lungs  at  the  standard  tem- 
perature. The  blood  in  the  left  side  of  the  heart  is  a  little  cooler 
than  the  right,  probably  because  the  latter  lies  on  the  warm  liver, 
as  is  proved  by  the  substitution  of  a  cold  object  for  this  organ, 
when  the  temperature  is  reversed,  and  the  blood  on  the  right  side 
becomes  colder  than  the  left.  It  is  not  because  the  blood  is  cooled 
going  through  the  lungs,  for  the  heat  used  in  warming  the  respired 
air  is  given  off  by  the  nose  and  other  air  passages  and  not  by  the 
alveoli  of  the  lungs. 

Mode  of  Production  of  Animal  Heat. 

It  has  already  l>ecn  indicated  that  the  general  effect  of  the  tissue 
change  of  the  body  is  a  kind  of  combustion  in  the  tissues  of  certain 
substances  obtained  from  the  vegetable  kingdom,  viz.  proteid,  fat, 
carbohydrate,  etc.  The  combustible  substances  are  capable  of 
being  burned  in  the  open  air,  or  made  to  unite  with  oxygen  so  as 
to  produce  a  certain  amount  of  heal,  being  thus  converted  'mU>  (X), 
aud  H5O.  In  the  body  the  oxidation  goes  on  in  a  gradual  or 
modified  way,  and  iho  end  products  of  the  process  can  be  recog- 
nized as  CO,  cliiuinated  from  the  lungs,  a'nd  as  water  and  urea 
got  rid  of  by  the  kidneys.  The  general  tendency  of  the  chemical 
changes  in  the  tissues  is  such  as  will  set  free  energy  in  the  form 
of  heat. 

The  amount  of  heat  that  any  substance  is  capable  of  giving  off 
corresponds  to  the  amount  of  energy  required  for  the  formation 
from  CO,  and  H,0,  etc.,  of  the  compounds  contained  in  it,  and 
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this  correspondence  remains  whether  the  dissociation  takes  place 
rapidly  or  slowly.  The  suhatances  we  make  use  of  as  food  have 
thus  a  certain  heat  value  which  depends  upon  their  chemical 
coraposilion. 

The  high  temperature  which  homojotherraic  animals  can  keep 
up  in  spite  of  the  cold  of  the  atmosphere  in  which  they  live  is 
readily  accounted  for  by  the  chemical  change  which  is  couslantly 
occurring  in  the  tissue  of  their  bodies. 

The  amount  of  heat  produced  in  any  part  must,  then,  depend 
upon  the  activity  of  its  tissue  change,  for  we  find  that  the  tem- 
perature varies  with  theeliminatiou  of  CO,,  and  urea,  which  give 
a  fair  eMiraate  of  the  chemical  changes  of  the  tissues. 

1.  The  diurnal  changes  in  temperature  are  accompanied  by  an 
afternoon  increase  and  a  morning  decrease  of  CO,  and  urea. 

2.  The  tissue  change  giving  rise  to  CO,  decreases  in  a  fasting 
animal,  as  does  also  the  production  of  heat. 

3.  More  CO,  is  eliminated  after  meals,  when  the  temperature 
also  rises. 

4.  The  activity  of  various  organs,  such  as  the  muscles  and 
glands,  is  associated  with  a  local  increase  of  temperature. 

Income  and  Expenditure  of  Heat. 

As  repeatedly  stated,  the  chemical  changes  which  give  rise  to 
the  heat  cause  a  certain  waste  of  the  tissues,  which  have  again 
to  be  renewed  by  the  assimilation  of  various  nutrient  materials. 
The  food  is  thus  really  the  fuel  of  the  auimal  body,  and  the  pe- 
culiarity  of  this  form  of  combustion  is  that  the  tissues  assimilate 
or  convert  into  their  own  substance  the  fuel,  and  then  themselves 
undergo  a  kind  of  partial  combustion,  by  means  of  which  they 
perform  their  several  functions,  amongst  others  heat-production. 

As  already  mentioned,  heat  is  produced  most  abundantly  in 
those  tissues  which  undergo  most  active  chemical  changes,  hence 
the  protoplasmic  cells  of  glands,  and  the  contractile  substance  of 
muscle  must  be  looked  u{>on  aa  the  chief  agents  in  setting  heat 
free. 

The  possible  heat-income  depends  on  the  amount  of  nutrient 
matter  assimilated.     As  each  kind  of  food  has  a  certain  beat 
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vulue,  i.e.,  the  number  of  heat-units  its  combustion  will  produce, 
we  ought  to  be  able  to  estimate  the  amount  of  heat  pruduced  by 
ascertaining  this  value  and  subtracting  the  calorific  value  of  the 
various  substances  given  ott'  by  the  body.  Since  practically  the 
temperature  of  the  body  remains  the  same,  the  amount  of  beat  lust 
during  a  given  time  should  correspond  to  the  income,  estimated 
from  the  number  of  heat-units  of  the  food.  So  far,  however,  at- 
tempts to  make  the  calculat«d  heat-income  correspond  with  the 
expenditure  have  not  been  productive  of  satisfactory  results,  the 
estimated  calorific  value  of  the  food  being  hardly  equal  to  the 
heat  calculated  to  be  given  off  by  the  body.  We  must  remem- 
ber that  it  is  not  the  proteid,  fat  and  starch  of  the  body,  that  wc 
burn,  but  the  living  tissues  formed  by  the  assimilation  of  these 
substances.  We  do  not  know  what  chemical  changes  go  on  in 
the  steps  of  tissue  formation,  and  therefore  we  cannot  say  exactly 
what  combinations  are  submitted  to  the  combustion  which  gives 
us  u  high  beat- value. 

Since  the  activity  of  muscle  and  gland  tissue  is  constantly  un- 
dergoing variations  in  intensity,  the  amount  of  chemical  change 
difiers  at  different  times,  so  that  the  amount  of  heat  produced  must 
also  vary.  We  know  that  the  heat  set  free  by  any  organ,  such 
aa  a  gland  or  a  muscle,  increases  in  proportion  to  the  increase  of 
its  functional  activity,  but  we  cannot  say  that  the  calorific  activity 
can  vary  indepeudeivlly  of  other  circumstances.  Without  such 
a  special  calorific  function  of  some  tissues,  such  as  muscle,  the 
actual  net  heat-iucorae  must  vary  with  ciRMimstauces  which  are 
accidental  and  therefore  irregular. 

Since  we  know  that  the  nervous  system  controls  the  tissue  ac- 
tivities which  are  accompanied  by  the  setting  free  of  heat,  we  can 
see  how  the  nerve  centres  can  materially  intlucucc  the  heat  pro- 
duction of  the  bo{]y ;  thus,  the  more  active  are  the  muscles, 
glands,  etc.,  which  are  under  the  control  of  nerves,  the  greater 
the  amount  of  heat  produced  in  a  given  time.  That  the  nervous 
system  can  caui^e  in  any  tissue  a  chemical  jjhange,  giving  rise  to 
a  greater  production  of  heat,  without  any  other  display  of  func- 
tional activity,  we  do  not  know,  but  many  fttcls  seem  to  point  to 
such  a  possibility. 


» 


HEAT-INCOME. 

The  (effect  of  nerve  influence  on  the  production  of  heat  is 
greatly  complicated  also  by  the  eiioriiious  power  exercised  by  the 
nerves  over  the  blood  supply  through  the  means  of  the  vaso- 
motor mechanisms,  for  the  temperature  of  any  given  part  is  so 
iutimately  related  to  the  amount  of  blood  flowing  through  it  that 
the  former  has  been  coiunionly  accepted  as  an  adequate  measure 
of  the  latter. 

For  the  present,  therefore,  we  are  not  in  a  position  to  speak 
with  decision  of  liervcs  with  a  purely  thermic  action. 


The  expenditure  of  the  heal  may  be  classed  under  the  follow- 
ing ]iea<ling6 : 

1.  In  warming  ingesta :  Asa  rule  alt  the  food  and  drink  we 
make  use  of,  as  well  as  the  oxygen  we  breathe,  are  colder  than  the 
body,  and  before  they  pass  out  they  are  raised  to  the  body  tem- 
perature. 

2.  Radiation  and  Conduction  :  From  the  surface  of  the  body 
a  quantity  of  heat  is  being  expended  in  warming  the  surround- 
ing medium,  which  is  habitually  colder  than  our  bodies.  The 
colder  the  medium  the  greater  its  capacity  for  heat,  and  the  more 
quickly  it  comes  in  contact  with  new  portions  of  the  surface  the 
more  warmth  it  robs  us  of.  Water  or  damp  air  takes  up  much 
more  heat  from  our  surface  than  dry  air  of  the  same  temperature, 
and  the  quantity  of  heat  lost  is  still  further  increased  if  the  me- 
dium be  in  motion,  so  that  the  relatively  colder  fluid  is  constantly 

^  renewed. 

^H  3.  Evaporation:    (a.)  From  the  air-passages:    a   quantity  of 

^H  water  passes  into  the  vaporous  state  and  saturates  the  tidal  air, 
^H  and  thi^<  change  of  con<litiou,  from  liquid  to  that  of  vapor,  ab- 
^^B  Borbs  much  heat,  (b.)  From  the  skin  :  surface  evaporation  is 
^^P  always  going  on,  even  when  u.o  moisture  is  perceptible  on  the 
^H  skin,  and  much  fluid  of  which  we  are  not  sensible  is  lost  in  this 
^H  way.  The  quantity  of  heat  lost  by  evaporation  from  the  skin  will 
^H  depend  ou  the  temperature  and  the  degree  of  moisture  of  the  air 
^H  in  proportion  to  that  of  the  surface  of  the  body. 
^^m  As  has  been  said,  the  exact  income  of  heat  is  uncertain  and 

^^^^^  variable,  because  the  data  upou  which  the  absolute  amount  can 
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be  calculated  are  not  scieutificnlly  free  from  error.  Aocording 
to  the  most  careful  estimates  au  adult  weighing  82  kilo,  produces 
2,700,(WO  units  of  heat  in  the  twenty-four  hours,  which  are  ex- 
pended in  the  following  way: 


In  warming  ingesta,        .... 

In  warming  tidal  nir 

By  the  evnrioration  of  6/)6  grin,  water 
from  (he  air  passages, 


70,157  units  of  heat. 
140,0(i4 

397,53C  " 


By  surface  loss, 2.t)tf2,213  " 

From  this  it  appears  tliat  more  than  three-quarters  of  our  heat 
is  lost  by  the  skin  (77.5  per  cent.)  ;  by  pulmonary  evaporation, 
14.7  per  cent.  ;  in  heating  the  air  breathed,  5.2  per  cent. ;  in 
heating  ingesta,  2,G  per  cent. 

Maintenance  of  Uniform  Temperature. 

In  order  that  the  vital  processes  of  man  and  the  other  homcBO- 
thermic  animals  should  go  on  in  a  normal  manner,  it  is  necessary 
that  their  mean  temperature  remain  nearly  the  same,  and  we 
have  seen  that  under  ordinary  circunii-tftnees  it  varies  only  about 
one  degree  below  or  above  the  standard,  37°  C,  notwithstanding 
the  changes  taking  place  in  the  temperature  around  us.  Thus 
we  can  live  in  any  climate,  however  cold  or  warm,  and  so  long  as 
our  body  temperature  remains  unaltered  we  suffer  no  immediate 
injury. 

There  is  a  limit,  however,  to  this  power  of  maintaining  a  uni- 
form standard  temperature.  If  a  mammal  be  kept  for  some  time 
in  a  moist  medium,  where  evaporation  cannot  take  place,  at  a  tem- 
perature but  little  higher  than  ita  body,  say  over  45°  C,  its  tem- 
perature soon  begins  to  rise,  and  it  dies  with  the  signs  of  dyspnoea 
and  convulsions  ( probably  from  the  nervous  centres  being  affected) 
when  its  temperature  arrives  at  43°— 45°.  If  placed  in  water  at 
freezing  point  an  animal  loses  its  heat  quickly,  and  when  its  body 
temperature  has  fallen  to  about  20°  C.  it  dies  in  a  condition  re- 
sembling somnolence,  the  circulation  and  respiration  gradually 
failing. 

Since  a  variation  of  more  than  one  or  two  degrees  in  the  tern- 
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peralure  of  our  borlies  interferes  with  the  vital  activiiies  of  the 
controlling  tissue  in  the  nervous  centres,  it  is  of  courae  of  the 
utmost  importance  that  adequate  means  for  the  nice  regulation 
of  the  mean  temperature  of  our  bodies  should  exist. 

The  temperature  of  an  animal's  body  must  depend  on  the  re- 
lations existing  b«tween  the  amount  of  heat  generated  in  the  tis- 
sues and  organs  and  the  amount  allowed  to  escape  at  the  surface, 
arid  these  must  closely  correspond,  in  order  that  the  heat  of  the 
body  remain  uniform.  Both  these  factors  are  found  lo  be  very 
variable.  Every  increase  in  the  activity  of  the  muscles,  liver, 
etc.,  causes  a  greater  production  of  heat,  while  a  fall  in  external 
temperature  or  increase  in  the  moisture  of  the  air  causes  a  greater 
escape  of  heat  from  the  surface. 

The  maintenance  of  uniform  temperature  may  then  be  accom- 
plished by  (I)  variations  in  the  heat  income,  so  arranged  as  to 
make  up  for  the  irregularities  of  expenditure,  or  (2)  variations 
in  the  loss  lo  compensate  for  the  differeaees  of  beat  generated. 
Since  the  tompcnitureand  moisture  of  our  surroundings  are  con- 
stantly varying  between  tolerably  wide  limits,  the  amount  of  heat 
given  off  by  our  bodies  must  vary  greatly  at  diflereut  times.  In 
cold,  damp  weatlier  a  great  quantity  of  heat  is  lost  in  comparison 
with  that  which  escapes  from  the  body  when  the  air  is  dry  and 
warm.  If  the  heat  generated  had  to  make  up  for  the  changes  in 
the  heat  lost,  one  would  expect  to  find  a  correspondingly  great 
difference  in  the  araount  uf  heat  generated  at  different  times  of 
the  year,  and  no  doubt  we  have  some  evidence  in  the  keener  ap- 
petite and  consequent  use  of  more  fuel,  and  the  natural  tendency 
to  active  muscular  exertion  during  cold  weather,  to  show  that  a 
greater  amount  of  combustion  does  take  place  in  winter  than  in 
warm  summer  weather.  If  the  preservation  of  a  uniform  body 
temperature  depended  upon  the  variations  in  the  auiount  of  in- 
come exactly  following  those  of  the  expenditure,  we  should  find 
it  impossible  to  set  our  muscular  or  glandular  tissue  in  action 
except  when  the  external  temperature  were  such  as  would  enable 
us  easily  to  get  rid  of  the  increased  beat  following  their  activity. 
It  certainly  would  appear  that  the  general  tissue  combustion,  aa 
measured  by  the  amount  of  CO,  given  off,  does  increase  when  we 
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are  placed  in  colder  surrouDdings — such  as  a  cold  bath  ;  still,  as 
will  pi'esently  appear,  it  is  probable  that  the  variations  in  heat- 
income  have  but  little  regulating  influence  on  the  body  tempera- 
ture, and  if  they  have  any  we  are  certainly  ignorant  of  the  man- 
ner in  which  such  influence  is  carried  out. 

On  the  other  hand,  we  know  that  the  amount  of  heat-expenditure 
may  be  varied  by  mechanisms  which  are  almost  self-regulating. 
It  has  already  been  staled  that  the  great  majority  of  the  heat  is 
lost  by  the  parts  in  contact  with  the  air,  namely,  the  skin  and  air 
passages.  In  these  places  the  warm  blood  is  exposed  to  the  cool 
air,  and  therefore  loses  much  of  its  heat  by  radiation,  conduction, 
and  evaporation.  It  is  obvious  that  the  greater  the  quantity  of 
blood  thus  exposed  for  cooling,  the  greater  will  be  the  amount  of 
heat  lost  in  a  given  time  by  the  body  as  a  whole. 

If  we  review  the  circumstances  which  tend  to  interfere  with  the 
uniformity  of  the  temperature  of  the  body,  we  shall  see  that  each 
one  is  accompanied  by  certain  physiological  actions  which  tend 
to  compensate  for  the  disturbing  influences. 

The  chief  common  events  tending  to  make  our  temperature  ex- 
ceed or  fall  short  of  its  normal  standard  may  be  enumerated  as 
follows,  and  the  explanation  of  their  modes  of  compensation  will 
at  the  same  time  be  given  : 

Compensation  for  Internal  Variations. 

A  casual  increase  in  the  heat  income  may  be  induced  by  any 
increased  chemical  activity  in  the  tissues,  notably  the  action  of 
the  muscles  and  large  glands.  The  moment  this  increased  heat 
is  communicated  to  the  blood,  tbc  warm  blood  brings  about  the 
following  results  (partly  through  the  stimulation  of  certain  nerve 
centres) :  (a.)  An  acceleration  of  respiratory  movement, which 
increases  the  amount  of  cold  air  to  be  warmed  and  saturated  with 
moisture  by  the  air  passages,  and  thus  facilitates  the  escape  of  the 
surplus  caloric.  (6.)  Relaxation  of  the  cutaneous  arterioles,  so 
that  a  greater  quantity  of  blood  is  exposed  to  the  cooling  influence 
of  the  air.  (c.)  Greater  rapidity  of  the  heart-beat,  by  which  a 
greater  quantity  of  blood  is  supplied  to  the  air  passages  and  to 
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the  surface  vessels,  (d.)  Aud  commonly  an  increase  in  the 
amount  of  sweat  poured  out  on  the  surface,  affording  oppoMunity 
for  greater  surface  evaporation.  As  an  example  of  these  points 
may  be  mentioned  aclive  muscular  exercise,  which  daily  expe- 
rience shows  us  is  always  accompanied  by  quick  breathing,  rapid 
heart's  action,  and  a  moist  skin.  The  increased  production  of 
heat  in  fever  gives  ri.se  to  the  same  results,  with  the  exception  of 
the  secretion  of  the  sweat,  the  want  of  the  secretion  (probably 
owing  to  the  toxic  inhibition  of  the  special  nerve  mechanisms  of 
the  glands)  is  a  deficiency  in  the  heal-regulating  arrangement", 
which  has  much  to  do  with  the  abnormally  high  temperature  of 
the  disease. 

When  a  les.ser  quantity  of  heat  is  produce<l,  owing  to  inactivity 
of  the  heat-produring  tis.sues,  the  reverse  of  these  events  takes 
place,  namely  the  ra-<piration  and  heart's  action  are  slow,  the  skin 
ia  pale  and  dry,  so  that  little  heat  can  escape. 

Compensation  for  Exteknai,  Variations  of  Temperature. 
When  the  temperature  of  the  air  rises  much  above  the  average, 

the  escape  of  heat  is  correapoiidiugly  hindered ;  and  when  the 
general  body  temperature  begins  to  rise  by  this  retention  of  calo- 
ric, we  have  the  sequence  of  events  detailed  in  the  last  paragraph 
as  being  caused  by  excessive  production  of  heat.  But  before  the 
blood  can  become  warmer  by  the  influence  of  the  increased  exter- 
nal temperature,  the  warm  air,  by  stimulating  the  skin,  brings 
about  certain  chang&s  independent  of  the  body  temperature  which 
sati.sfattorily  check  the  tendency  to  nn  abnormal  rise.  This  can 
be  shown  by  the  local  application  of  external  heat,  by  means  of 
which  (a)  a  rush  of  blood  to  the  skin,  and  (6)  copious  sweat  secre- 
tion may  be  induced  in  a  part.  This  is  brought  about  by  impulses 
sent  tlirectly  from  the  skin  to  the  centres  regulating  the  vasomo- 
tor and  secretory  mechanisms,  and  thus  causing  vascular  dilata- 
tion and  secretive  activity.  If  only  a  part  be  warmed,  only  a 
local  effort  is  made  to  cool  that  part,  and  this  has  but  little  influ- 
ence on  the  general  Irody  temperature. 

When,  however,  the  atmosphere  becomes  very  warm,  all  the 
cutaneous  vessels  dilate  simultaneously,  and  the  escape  of  heat  ia 
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'greatly  increa^d  ;  while,  at  the  same  time,  so  much  blcKxI  beiog 
occupied  in  circulating  through  the  skin,  the  deeper — ^heat-pro- 
ducing— tissues  are  supplied  with  leas  blood,  and  therefore  gener- 
»ate  a  lesser  quantity  of  heat.  Thus  a  marked  rise  in  the  external 
temperature,  which  at  first  sight  would  seem  to  impede  the  escape 
of  heal  from  the  body,  really  facilitates  it,  by  causing,  through 

I  the  vascular  and  glandular  nerve  mechanisms  of  the  skin,  a  greater 
exposure  of  the  blood  to  the  cooler  air,  and  a  greater  quantity  of 
moisture  to  be  evaporated  from  the  warm  skin.  When  the  tem- 
perature of  the  air  reaches  that  of  the  body,  then  the  only  way 
of  disposing  of  the  heat  generated  in  the  body  is  by  evaporation, 
for  radiation  and  conduction  become  impossible.  In  animals  like 
man,  whose  cutaneous  moisture  is  so  great,  external  heat  seldom 
Bcauses  marked  change  in  the  rate  of  breathing,  but  in  animals 
whose  cutaneous  secretion  is  limited,  external  heat  distinctly  affects 
their  respiratory  movements,  as  may  be  seen  by  the  panting  of  a 
dog  on  a  very  warm  day,  even  when  the  animal  is  at  rest. 

»  Almost  more  important  than  facilitating  the  escape  of  beat  in 
very  warm  weather,  are  the  arrangements  for  preventing  its  loea 
when  the  surroundings  are  unusually  cold.     In  this  case  the  cold 

» acting  as  a  stimulus  to  the  vaso-constrictor  nerve  agencies  of  the 
■kin  causes  the  blood  to  retire  from  the  surface  and  fill  the  deeper 
organs,  where  more  heal  is  produced.  This  bloodle&s  skin  and 
the  underlying  fat  then  act  as  a  non-conducting  layer  or  boundary 
Kprotecting  the  warm  blood  from  the  cooling  exposure.  At  the 
same  time  the  secretion  of  the  sweat  is  checked  by  a  special  nerve 
mechanism.  Here,  too,  the  cold  air,  which  would  soon  rob  the 
moist  surface  of  its  caloric,  checks  the  secretion  and  thereby  nul- 
lifies its  effects  in  this  direction,  and  enables  the  body  to  remain 
at  the  normal  standard  temperature. 
H  The  chief  factors  that  regulate  the  body  temperature  belong 
^then  to  the  expenditure  deparlmeut,  and  may  be  said  to  be — (a) 
variation  in  the  quantity  of  blood  exposed  to  be  cooled,  and  (b) 
variation  in  the  quantity  of  moisture  exposed  for  evaporation. 
These  regulators  have  to  compensate  not  only  for  differences  of 
external  temperature,  but  also  for  great  fluctuations  in  the  amount 
of  heat  produced  in  the  tissues. 

[he  regulating  power  of  the  skiu,  etc.,  appears  to  be  adequate 
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for  the  perfect  maintenance  of  uuiform  temperature  only  within 
certain  limits.  When  the  limits  are  passed  by  the  rise  or  fall  of 
the  surrounding  medium,  the  preservation,  for  any  greath  length 
of  time,  of  a  jierfectly  uniform  body  temperature  becomes  impos- 
sible. These  limits  vary  very  much  in  different  animals,  many 
of  which  have  special  coverings  protectiug  them  from  external 
influences,  and  thus  retaining  their  warmth  for  all  their  lifetime 
in  a  temperature  seldom  above  0°  C  In  man  the  limits  vary 
much,  different  individuals  being  differently  affected  according  to 
many  circumstances,  c.y.,  in  both  extremes  of  age  the  limits  are 
narrowed.  It  would  appear  that  for  about  10°  C,  above  and 
below  the  body  temperature  our  skin- regulating  mechanisms  are 
adequate,  hut  beyond  these  limits  external  changes  affect  our 
general  temperature,  and  if  continued  become  injurious.  Of 
course  by  imitating  with  clothing  the  natural  protection  with 
which  some  animals  are  endowed  we  can  aid  the  normal  regulating 
factors,  and  bear  much  greater  extremes  of  temperature  with  safety 
or  even  comfort. 

It  surprises  many  people  to  hear  that  their  bodies  are  always 
at  the  same  temperature,  no  matter  how  hot  or  cold  they  feel, 
but,  practically,  this  is  the  case,  for  our  sensations  of  being  hot  or 
cold  mean  simply  this;  when  we  feel  hot  our  cutaneous  vessels 
are  full  of  warm  blood,  and  this  communicates  to  the  cutaneous 
nerve  terminals — the  sensory  nerves — the  sensation  of  general 
warmth.  On  the  other  haud,  when  the  cutaneous  vessels  are 
empty,  the  sensory  nerves  are  directly  affected  by  the  cold  of  the 
external  air.  Since  the  full  or  empty  state  of  the  vessels  of  the  skin 
depends  generally  on  the  heat  or  cold  of  the  air,  we  commonly 
speak  of  iU  being  cold  and  ourselves  being  cold  as  synonymous 
term.s.  But  we  can  make  ourselves  warm  by  violent  exercise  even 
on  a  frosty  day,  because  we  generate  so  much  heat  by  muscular 
action  that  the  cutaneous  vessels  have  to  be  dilated  in  order  to 
get  rid  of  the  surplus,  and  thereby  regulate  our  body  temperature, 
and  thus  we  have  the  sensation  of  being  warm.  Our  feelings 
when  we  say  we  are  warm  or  cold  simply  depend  upon  our  cuta- 
neous vessels  being  full  or  empty  of  warm  blood. 

The  local  appreciation  of  differences  of  temperature  will  be  dis- 
cussed under  the  sense  of  Touch. 


CHAPTER  XXV. 

CONTRACTILE  TISSUES. 

In  the  lower  forme  of  organisms  the  motions  executed  by  proto- 
plasm suffice  for  fill  their  requirements.  Thus  the  amoeba  man- 
ages to  pass  through  its  entire  lifetime  wilh  no  other  kind  of 
motion  at  its  disposal  but  the  flowing  circulation  and  the  bud- 
ding out  of  its  soft  protoplasm.  A  vast  number  of  minute  organ- 
isms depend  wholly  upon  the  protoplasmic  stream  and  the  twitch- 
ing of  cilia  for  their  digestive  and  progressive  movements.  Before 
we  leave  the  class  of  animals  which  never  j)a8s  beyond  the  uni- 
cellular stage,  we  find,  however,  examples  in  which  a  portion  of 
their  protoplasm  is  specially  adapted  to  the  performance  of  sud- 
den and  rapid  motions.  The  protoplasm  so  modified  in  function 
deserves  the  name  of  contractile  aiiiterial.  Thus,  though  the 
protoplasm  which  lies  within  the  stalk  of  the  bell  animalcule  is 
morphologically  undifferentiated,  it  can  contract  with  such  rapid- 
ity that  the  eye  cannot  follow  the  motion. 

As  we  ascend  in  the  scale  of  auimBi  life,  the  necessity  of  having 
motions  of  varied  rapidity  and  duration  at  the  command  of  the 
animal  becomes  more  aud  more  urgent,  and  so  we  find  not  only 
one,  but  several  kind:*  of  tissue  specially  adapted  for  carrying  out 
motions  of  diSerent  rate  and  duration. 

As  a  general  rule  the  more  rapid  the  contraction  it  performs 
the  more  the  tissue  differs  from  the  original  type  of  proto]>lasm  ; 
and  the  slower  aud  mure  persistent  the  contraction,  the  more  the 
tissue  elementa  resemble  protoplasmic  cells.  Thus,  in  the  minute 
bloodvessels,  as  we  have  seen,  a  very  prolonged  form  of  contrac- 
tion, only  varied  by  partial  relaxations,  is  the  rule,  and  gives  rise 
to  the  tone  of  the  arterioles,  and  the  contractile  elements  differ 
but  little  from  ordinary  protoplasmic  cells.  The  intestinal  move- 
ments are  rapid  compared  with  those  of  the  arterial  muscles,  aud 
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in  them  we  find  a  thin,  elongated  form  of  muscle  cell.  In  the 
heart  a  forcible  and  quick  contraction  takes  place,  which,  how- 
ever, is  slow  wheu  compared  with  the 
sudden  jerk  of  a  single  spasm  of  a  skeletal 
muscle,  and  we  find  its  texture  is  different, 
being  a  form  intermediate  between  the 
slow-conlracting  smooth  muscle  and  the 
quick-contracting  striated  skeletal  muscle. 

By  borrowing  examples  from  the  lower 
animals,  thi.s  parallelism  of  (itructural  dif- 
ferentiation and  increase  of  functional 
energy  can  be  more  perfectly  demon- 
strated, and  we  can  make  out  a  gradual 
scale  of  increasingly  rapid  motion  cor- 
re.'iponding  with  greater  complexity  of 
structure. 

The  contractile  tissues  of  the  human 
body  show  many  varieties  both  of  func- 
tional and  structural  differentiation. 

HisTOLoaY  OF  Muscle, 

The  term  muscle  includes  the  textures* 
in  which  the  protoplasm  is  specially  dif- 
ferentiated for  [lurposes  of  contraction. 

The  muscle  tissues  of  the  higher  ani- 
mals may  be  divided  Into  two  cla-ises  ;  1, 
nonstriated  or  smooth,  and  2,  striated,  in 
which  again  there  are  acme  slight  varia- 
tions. 

The  tttulriated  muscle  tistue  is  that  in 
which  the  elements  are  most  like  conlruc- 
tile  protoplasmic  cells,  and  hove  so  far 
retained  the  typical  form  as  to  be  easily 
recognizable  as  cells  when  separated  one 
from  the  other.  These  cells  are  more  or 
leas  elongated,  flattened,  homogeneous  ele- 
ments with  a  single,  lojtg,  rod-like  nucleus 
and  no  cell  wall.   They  are  tightly  cemented  together  by  a  tough 


MusL'Ie  c-ellK,  showing 
(iitTercal  condition  of  the 
proloplasm  of  llio  cell 
and  nucleus. 
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elastic  BubsUince,  so  that  their  tapering  extremities  fit  closely 
together  aud  form  commonly  a  dense  mass  or  sheet.  Sometimes 
they  branch  more  or  less  regularly,  and  then  are  arranged  in 
networks. 

These  cells  vary  greatly  in  size  as  well  as  in  the  relatfon  of 
their  length  to  their  width,  in  some  places  deserving  the  name 
fibres,  or  fibre-cells,  and  in  others  being  only  elongated  cells. 

The  gtriafed  muscfe  tistue  is  that  which  is  found  in  the  volun- 
tary skeletal  muscles  aud  in  the  tissue  of  the  heart,  and  therefore 

forms  the  large  proportion  of  the  ani- 
■"°-  ^^°'  mal,  and  is  known  as  the  flesh.     The 

t  flesh  can  by  judicious  dissection  easily 
1^^  be  divided  into  single  parts  called 
(,^^B  muscles,  each  of  which  contains  many 
I^H  ^^^B  other  tissues  aud  is  so  attached  as  to 
^BH  ^^H  carry  on  certain  movements,  and  may, 
^gH  ^H  therefore,  be  regarded  aa  an  organ. 
^^K  *  ^H  Such  a  muscle  is  inclosed  in  a  sheath 
of  connective  tissue,  from  which  sheet- 
like partitions  or  septa  pass  into  the 
mass  of  the  muscle  and  divide  it  into 
bundles  of  fibres,  which  they  inclose. 
These  septa  also  act  as  the  bed  io 
which  the  vessels  and  nerves  lie. 

The  bundles  of  fibres  of  skeletal 
muscle  vary  much  in  size,  giving  a 
coarse  or  fine  grain  in  diflferent 
muscles ;  they  arc  composed  of  a 
greater  or  less  number  of  fibres,  which 
lying  side  by  side  run  parallel  oue  to  the  other.  The  single  fibres 
of  striated  muscle  vary  iu  length,  sometimes  reaching  4—5  cm. 
(2  inches),  but  beiug  on  an  average  much  shorter,  so  that  they 
only  extend  the  entire  length  of  a  muscle  iu  the  case  of  very 
short  muscles.  In  long  muscles  their  tapering  points  are  made 
to  correspond  with  those  of  other  fibres  to  which  they  are  firmly 
attached.  The  soft  fibre*  are  pressed  by  juxtaposition  into  pris- 
matic forms,  so  that  in  a  fresh  condition  they  appear  polygonal 


Short  slria(c<l  .cells  of  tlic 
heart  muBcle,  separated  one 
gliiiwln^  the  triinrateH  {(t), 
or  diviJe<l  (<•)  ends,  and 
braiK'hea  (6). 
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in  transverse  section.     When  freed  from  all  pressure  or  traction 
they  become  cyliudrical   and   the 
transverse  striation  of  the  contrac- 
tile substance  appears  regular,  and 
is  easily  recognized. 

Each  fibre  consists  of  a  delicate 
case  of  thin,  elastic,  homogeneous 
membraoe,  forming  a  sheath  called 
sarcolemma,  within  which  the  es- 
sential contractile  substance  is  in- 
closed. The  soft  contractile  sub- 
stance completely  fills  and  distends 
theelasticsarcolerama,  so  that  when 
the  latter  is  broken  its  coutents 
bulge  out  or  escape.  After  death, 
particularly  if  preserved  in  weak 
acid  (HCl),  the  striation  becomes 
more  marked,  and  the  dead  and 
now  rigid  contractile  substance  can 
be  easily  broken  up  into  transverse 
plates  or  disks. 

Besides  the  transverse  striation  a 
longitudinal  marking  can  be  seen  in 
the  muscle  fibre  which  indicates  tbe 
subdivision  of  the  contractile  sub- 
stance into  thin  threads  called 
primitive  fibrilla!.  Each  primitive 
fibril  shows  a  transverse  marking, 
corresponding  with  the  transverse 
Btriation,  which  divides  the  fibrils 
into  abort  blocks  called  sarcous,  or 
muscle  elements.  These  markings, 
as  well  as  the  transverse  striations  of 
the  muscle  fibre  in  general,  depend 
on  different  parts  of  the  contractile 
subetance  having  different  powers 


Two  fibres  of  titriated  muscle, 
in  which  the  contractile  sub- 
stance (in)  hi\8  been  mptored 
and  separated  from  the  Baroo- 
lemma  (a)  and  {>)■  [p)  apace 
ander  sarcolemma.     (Ranvier.) 
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of  refraction,  which  give  the  appearance  of  dark  and  light 
bands. 

In  the  muscle  fibre  are  found  long  granular  masses  like  proto- 
plasm ;  these  are  the  nuclei  of  the  contractile  substance.  They 
must  not  be  confounded  with  the  nuclei  of  the  sarcolemmn,  which 
are  much  more  numerous  along  the  edge  of  the  fibre,  or  with  the 
other  short  nuclei  seen  in  such  numbers  between  the  fibres,  which 
indicate  the  position  of  the  capillary  vessels. 

It  is  stated  that  each  striated  muscle  fibre  has  a  nerve  fibre 
passing  directly  into  it,  but  the  exact  details  of  the  mode  of  union 
in  mammalia  are  not  yet  satisfactorily  made  out. 

Properties  of  Muscxe  in  the  Pa8sive  State. 

Omti^eniK. — The  contractile  substance  of  muscle  is  so  soft  as 
to  deserve  rather  the  name  fluid  llian  solid  ;  it  will  uot  drop  as  a 
liquid,  but  its  separated  purls  will  flow  together  again  like  a  half- 
melted  jelly.  In  this  respect  it  resembles  the  protoplasm  of  ele- 
mentary organifms,  the  buds  from  which  are  so  soft  that  they  can 
unite  around  foreign  bodies,  and  yet  have  sufficient  consistence  to 
distinguish  them  from  fluid. 

Chemical  composition. — The  chemical  comixwition  of  the  con- 
tractile substauce  of  muscle  iu  the  living  state  is  not  accurately 
known.  The  death  of  the  tissue  is  accompanied  by  certain 
changes  of  a  chemical  nature  which  give  rise  to  a  kind  of  coagu- 
lation, resulting  iu  the  forniatiou  of  two  substances,  viz.,  miucle 
Bcruvi  and  munele  clot  or  myosin.  This  coagulation  can  be  post- 
poned almost  indefinitely  in  the  contractile  substance  of  the 
muscles  of  cold-blooded  animals,  by  keeping  the  muscle  after  its 
removal  at  about  [>•'  C.  In  this  way  a  pale  yellow,  opalescent, 
alkaline  juice  may  be  pressed  out  of  the  muscle  and  separated  on 
a  cold  filter.  This  substance  turns  to  a  jelly  at  freezing  point, 
and  on  being  allowed  to  come  to  the  ordinary  temperature  of  the 
room  it  passes  through  the  stages  of  coagulation  seen  in  the 
contractile  substance  of  dead  muscle,  and  gives  the  same  fluid 
serum  and  clot  of  myosin.  Since  a  frog's  muscle  can  be  frozen 
and  thawed  without  the  tissue  being  killed,  it  is  supposed  that 
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The  ooagnlation  of  miucle  plasma  remuKls  us  in  miuiT  wmjs  of 
the  cioUing  of  the  blood  plasm«,  but  the  miucle  clot,  or  mTOsin, 
which  is  gelatioous and  not  in  threads  like  6brin,  is  a  globulin,  and 
is  soluble  in  ten  per  cent,  solution  of  salt.  It  is  readilr  changed 
into  Bjntonin  or  acid  albumin,  and  forms  the  preponderant  albu- 
minous substance  of  muscle. 

The  serum  of  dead  muscle  has  a  distinctly  acid  reaction,  and 
contains  three  distinct  albuminous  bodies  coagulating  at  diflereut 
temperatures,  one  of  which  is  aerum-albumin.and  another  a  derived 
albumin,  potassium-albumin.  The  serum  of  muscle  also  contains: 
(1.)  Kreatin,  kreatiniu,  xanthin,  etc.  (2.)  H.-emoglobiu.  {.3.) 
Grape  sugar,  muscle  sugar,  or  ioosit,  and  glycogen.  (4.)  Sarcn- 
lalic  acid  made  from  the  inosit  by  fermentation.  (5.)  CVtrbonic 
acid.  (6.)  Potassium  salts;  and  1. 7.)  75  per  cent,  of  water.  Traces 
of  pepsin  and  other  fermeuts  have  abo  been  found. 

Chemical  ehamje, — lu  the  state  of  rest  a  certain  amount  of 
chemical  change  constantly  goes  on,  by  which  oxygen  is  taken 
from  the  hxmoglobin  of  the  blood  in  the  capillaries,  and  carbonic 
acid  is  given  up  to  the  blood.  These  changes  seem  necessary  for 
the  nutrition,  aud  therefore  the  preservation  of  the  life  and  active 
powers  of  the  tissue,  because  if  a  muscle  after  removal  be  placed 
in  an  atmosphere  free  from  oxygen,  it  soon  loses  its  chief  vital 
character,  viz.,  its  irritability. 

Elatticily. — Striated  muscle  is  easily  stretcheil,  and,  if  the  ex- 
tension be  not  carried  too  far,  recovers  very  com|)lt'toly  its  original 
length.  We  say  then  that  the  elasticity  of  muscle  is  small  or 
weak,  but  very  perfect.  When  the  muscle  is  stretched  to  a  given 
exteut  by  a  weight — suy  of  one  grammo — it'  auutlntr  gramme  be 
then  added  it  will  not  stretch  the  niUBclo  mj  imicii  iia  tjie  lirst 
did  ;  aud  so  on  if  repeated  gramme  weightM  Im  mldcd  duu  utW 
the  other,  each  succeeding  grammo  will  cuuho  Iuhh  i-xluniiiou  of 
the  muscle  than  the  previous  one;  ho  that  tlio  more  u  muHcle  is 
stretched  the  more  force  is  required  to  strotcli  it  to  tho  given  cx« 
tent,  or,  in  other  words,  the  elastic  forco  of  musclu  iiiurouBus  with 
its  extension. 


rm.WL 


grmphirMj  the  ■■wwiiil  of  i  mmimi  caascd  br  eqoal  wc%iu 
I  applied  to  a  iled  apriaig-    3L  Sfco—  gtapUeaOy  dta  obmbI  ef 
•zleoHOD  eau—d  hj  equal  ve%lit  iimeuwala  applied  to  a 

3.  The  auae  applied  to  a  frog'f  moKle.    Shoving  the  < 

I  of  extensioo,  the  gn/iatl  cantinaing  ilretefciag,  and  tbe  fUlnre 
to  mam  to  the  aladaaa  wheo  the  weight  is  remoivd. 


bM  a  greater  bat  leae  perfect  elasticity  than  living,  Le.,  it  requim 
greater  force  to  stretch  it,  but  does  not  return  so  perfectly  to  its 
former  shape.  The  importance  of  the  elastic  property  of  maacle 
in  the  raoveroents  of  the  body  is  noteworthy.  The  muscles  are 
always  in  some  degree  on  the  stretch  (as  can  be  seen  in  a  frac- 
tured patella,  the  fragments  of  which  remain  far  apart  and  cause 
the  surgeon  much  anxiety),  and  brace  the  bones  together  like  a 


the  biocfis — coatracts,  it   fiads  mi  dutie  mtMitMiwI 
this  it  kan  to  Mialek  M  it  ahoclMM.    TV*  tri««(« 

I  itfMidyi«l«nM 
to  it*  aatniml  length  vbco  the  cootniotioB  of  the  )h<v|>»  <>««•••. 
Bj  their  mefe  elasiicitj  the  mosdea  ara  kept  teaaa  aad  r»*«iy  fbr 
actioii,  and  have  to  act  againtt  •  gantk  ipriaf^like  rari><anc<>  ao 
that  the  aelioH  aieeTCa,aad  tkaie  ia  ao  jerkta^aa  wouKi  ocvtir 

Fto.lU. 


Non-poUrizable  Electrode*.  The  kIbh  tubei  (n  n)  iHintnlii  aiiliilinln  nf 
zinc  solution  (t.  «),  into  whirli  well  ntimlg«ni»t«d  tim^  nnlx  ill|i.  Tlin  lnwvr 
extremity  U  plugged  with  chiiin  dny  (r/t.r),  which  protrmliwiil  (>'')  ihw  |H>iiit. 
The  lubes  con  be  moved  in  the  hutdci'N  (A  h),  mi  ha  to  bn  hruuKhl  MwurHlvljr 
into  contact  with  the  muscle.    (Fu«t«r.) 


if  the  attachrocnts  of  the  inactive  iimircIoh  wero  nllowoil  to 
slack. 

Electric  Phenomena. — In  a  living  uniscie  oioctriu  curnuili  niny 
be  detected,  liaving  a  deiinitc  direction,  luxt  certain  i-oliitioim  to 
the  vitality  of  the  tissue.  As  they  socm  tu  ho  iiivurialily  ])ntM)Ut 
in  a  passive  muecle,  they  have  been  called  ntttitrat  mu4el$-ourrtnU, 

They  are  generally  Htudied  in  the  nmmcluN  of  c<j]<I-I)Iim>(Ii<(1  nnl- 
mals  after  removal  from  the  Itody.  The  innHolu  'm  Njinki'ii  of  iw  if 
it  were  a  cylinder  with  longitudinal  and  trnnitveriic  iiurfiiceii  oor- 
responding  to  it«  natural  surface  and  ita  cut  extromiliM.     In  iiicli 
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a  block  of  frog's  muscle  the  measuremeot  of  the  electric  currents 
requires  considerable  care,  because  they  are  so  difficult  to  detect 
that  a  most  seusitive  galvauometer  must  be  used ;  and  such  an 
instrttmeut  can  easily  be  disturbed  by  currents  due  to  bringing 
metal  electrodes  into  contact  with  the  moist  saline  tissues.  Spe- 
cially coustrucled  electrodes  must  be  used  to  avoid  these  currents  of 
polarization  taking  place  in  the  terminals  touching  the  muscle. 
These  are  called  non-polarizable  electrodes,  and  may  be  made  on 
the  following  plan  :  Some  innocuous  material  moistened  iu  saline 
solution  (.65  per  cent.)  is  brought  into  direct  contact  with  the  mus- 
cle, and,  by  means  of  saturateil  solution  of  zinc  sulphate,  into  elec- 
trical connection  with  amalgamated  zinc  terminals  from  the  gal- 
vanometer. Thus  the  muscle  is  not  injured,  and  the  zinc  solution 
prevents  the  metal  terminals  from  producing  adventitious  currents. 
Small  glass  tubes  drawn  to  a  point,  the  opening  of  which  is 
plugged  with  moist  china  clay,  make  a  suitable  receptacle  for  the 
zinc  solution,  or,  instead  of  the  china  clay,  a  camel-hair  brush 
set  iu  plaster  of  Paris  may  be  used  to  keep  the  zinc  solution  in 
the  tube,  and  the  hair  moistened  in  salt  solution  forms  a  suitable 
point  of  contact  with  the  muscle.  If  a  pair  of  such  electrodes  be 
applied  to  the  middle  of  the  longitudinal  surface  at  (e)  ( Fig.  182), 
and  of  the  transverse  surface  at  (p)  respectively,  and  then  be 
brought  into  connection  with  a  delicate  galvanometer,  it  is  found 
that  a  current  passes  through  the  galvanometer  from  the  longitu- 
dinal to  the  transverse  surface.  A  current  in  this  direction  can 
be  detected  in  any  piece  of  muscle,  no  matter  how  much  it  be 
divided  longitudinally,  and  probably  would  be  fotiml  in  a  single 
fibre  had  we  the  means  of  examining  it.  The  nearer  to  the  centre 
of  the  longitudinal  and  transverse  sections  the  electrodes  are 
placed,  the  stronger  will  be  the  current  received  by  them.  If 
both  the  electrodes  be  placed  on  the  longitudinal  or  on  the  trans- 
verse surfaces,  a  current  will  pass  through  the  galvanometer  from 
that  electrode  nearer  the  middle  of  the  longitudinal  section  (called 
the  equator  of  the  muscle  cylinder)  to  the  electrode  nearer  the 
centre  of  the  transverse  section  (pole  of  muscle  cylinder).  If  the 
electrodes  be  placed  equidistant  from  the  poles  or  from  the  equator, 
no  current  can  be  detected. 
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The  central  part  of  the  longitudinal  surface  of  a  piece  of  muscle 
is  then  positive,  compared  with  the  central  part  of  the  extremities 
or  transverse  sections.  And  between  these  parts,  the  equator  and 
poles  of  the  muscle  cylinder,  where  the  difference  is  most  marked, 
are  various  gradations,  so  that  any  point  near  the  equator  is  posi- 
tive when  compared  with  one  near  the  poles. 

There  is,  then,  a  current  passing  through  the  substance  of  the 


k 


Ditigrnni  (o  illiiHtrate  llie  currents  in  luiiBcle. — (e)  R<|iiator,  correspondg 
to  llie  centre  of  the  muscle ;  (/))  Polar  regions  of  cylinder,  representing  the 
cxlrcioities  uf  the  mnscle.  The  arrowlieixls  show  the  direction  of  the  sur- 
face ciirreiitH,  and  the  thickness  of  lines  indicates  the  strength  of  the  currents. 
(After  Fick.) 

piece  of  muscle  from  both  the  transverse  sections  or  extremities 
of  the  muscle  block  to  the  middle  of  the  lougitudioal  surface, 
whether  it  be  a  cut  surface  (longitudinal  section)  or  the  natural 
surface  of  the  muscle.  This  is  called  the  musele-curre7it,  or  some- 
times natural  muscle-current. 

If  the  cylinder  in  the  accompanying  figure  be  taken  to  repre- 
sent a  block  of  muscle,  e  would  correspond  to  the  equator,  and  p 
to  the  poles,  and  the  arrowheads  show  the  direction  of  the  cur- 
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rents  passing  through  the  galvanometer,  the  thickness  of  the  lines 
indicating  their  force.  The  dotted  lines  o  are  connected  with 
points  where  the  electro-motive  force  is  equal,  and  therefore  no 
current  exists. 

The  electro-motive  force  of  the  muscle-current  in  a  frog's  gra- 
cilis has  been  estimated  to  be  about  .05-.0S  of  a  Daniell  cell.  It 
gradually  diminishes  as  the  muscle  loses  its  vital  properties,  and 
is  also  reduced  by  fatigue.  The  electro-motive  force  rises  with 
the  temperature  from  5°  C.  until  a  maximum  is  reached  at  about 
the  body  temperature  of  mammals. 

These  muscle-currents  are  very  weak  if  the  uninjured  muscle 
be  examined  in  situ,  the  tendon  being  used  as  the  transverse  sec- 
tion ;  they  soon  become  more  marked  after  the  exposure  of  the 
muscle,  and  if  the  tendon  be  injured  they  appear  at  once  in  almost 
full  force.  In  animals  quite  inactive  from  cold  the  muscles  nat- 
urally are  but  slowly  altered  by  exposure,  etc.,  and  the  muscle- 
currents  tlo  not  appear  for  a  considerable  time,  which  is  shortened 
on  elevating  the  temperature.  It  has,  therefore,  been  supposed 
that  in  the  perfectly  normal  state  of  a  living  animal  there  are 
no  muscle-currents  so  long  as  the  muscle  remains  in  the  passive 


state. 


Active  State  op  Muscle. 


A  muscle  is  capable  of  changing  from  the  passive  elongated 
condition,  the  properties  of  which  have  just  been  described,  into 
a  state  of  contraction  or  activity.  Besides  the  change  in  form, 
obvious  in  the  contracted  state  of  the  muscle,  its  chemical,  elastic, 
electric,  and  thermic  properties  are  altered.  The  capability  of 
passing  into  this  active  condition  is  spoken  of  as  the  irritabilUy 
of  muscle.  This  is  directly  dej>endent  upon  its  chemical  condi- 
tion, and  therefore  related  to  its  nutrition  and  to  the  amount  of 
activity  recently  exerted,  which,  it  will  hereafter  appear,  changes 
its  chemical  state. 

Under  ordinary  circumstances,  during  life,  the  muscles  change 
from  the  passive  state  into  that  of  contraction  in  response  to  cer- 
tain impulses  communicated  to  them  by  nerves,  which  carry  im- 
areesious  from  the  brain  or  spinal  cord  to  the  skeletal  muscles. 
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The  iti6uence  of  the  will  is,  tben,  the  common  stimulus  which 
excites  most  skeletal  muscles  to  actiou.  But  we  find  that  there 
are  mnny  other  iufluences  which,  when  applied  to  a  muscle,  can 
also  briug  about  the  same  change.  These  iiiflueiires  are  culled 
tiimuli. 

We  commonly  utilize  a  nerve  belonging  to  a  muscle  in  order 
to  throw  it  into  the  contructfd  state,  but  the  great  majority  of 
stimuli  can  bring  about  the  change  when  applied  to  the  muscle 
directly.  Since  the  nerves  branch  in  thesubstanceof  the  muscle, 
and  are  distributed  to  the  individual  fibres,  it  might,  as  has  been 
argued,  be  the  rfiniulation  of  ihe  terminal  nerve  ramifications 
that  brings  about  the  contraction,  even  wheu  the  stimulus  is  ap- 
plied to  the  muscle  directly,  for  the  nerves,  of  course,  would  be 
affected  by  the  stimulus  applied  to  the  muscle.  That  muscles 
can  be  stimulated  without  the  intervention  of  nerves  is  satisfac- 
torily proved  by  the  following  I'acts:  1.  S^^me  parts  of  muscles. 
Bitch  as  the  lower  end  of  the  sartorius,  and  many  muscular  struc- 
tures which  have  no  nerve  terra  inata  in  them,  respond  energeti- 
cally to  all  kinds  of  muscle-stimuli.  2.  There  are  some  sulistances 
which  act  as  stimuli  when  applied  directly  to  muscle,  but  have 
no  such  effect  wheu  applied  to  nerves,  viz.,  ammonia.  3.  For 
some  lime  after  ibe  nerve  has  ceased  to  react,  on  account  of  its 
dying  after  removal  from  the  body,  the  attached  muscle  will  be 
found  quite  irritable  if  directly  stimulated.  4.  The  arrow-poison, 
Curara,  has  the  extraordinary  effect  of  paralyzing  the  nerve  ter- 
minals, so  that  the  strongest  sliraulatioQ  of  the  nerve  calls  forth 
DO  muscle  com  Taction.  If  the  muscles  in  an  animal  under  the 
influence  of  this  poisoa  be  stimulated  directly,  they  respond  with 
a  contraction. 

This  separalioD  of  muscles  from  nerves  would  appear  rather 
artificial,  and  antagonistic  to  the  teachings  of  the  development 
of  these  tissues,  both  in  the  ascending  scale  of  the  animal  king- 
dom and  in  the  individual. 


Muscle-Stimuli. 
The  circumstances  which  call  forth  muscle  contraction  may  be 


enumerated  thus : 
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1.  Mechanical  Stimulation. — Any  sudden  blow,  pioch,  etc.,  of 
a  living  muscle  causes  a  momentary  contraction,  which  rapidly 
passes  off  when  the  irritation  is  removed, 

2.  Thermic  Stimulation. — If  a  frog's  muscle  be  warmed  to  over 
30°  C.  it  will  begin  to  contract,  and  before  it  reaches  40°  C.  the 
muscle  will  pass  into  a  condition  known  as  heat  rigor,  which  will 
be  mentioned  presently.  If  the  temperature  of  a  muscle  be  re- 
duced by  0°  C,  it  shortens  before  it  becomes  frozen. 

3.  Chemical  Stimulation. — A  number  of  chemical  compounds 
also  act  as  stimuli  when  they  are  applied  to  the  transverse  section 
of  a  divided  muscle.  Among  these  may  be  named — (1)  the  min- 
eral acids  (HCl,  .1  per  cent.)  and  many  orgauic  acids;  (2)  sails 
of  iron,  zinc,  silver,  copper,  and  lead  ;  (3)  the  neutral  salts  of  the 
alkalies  of  a  certnin  sirength  ;  (4)  weak  glycerin  and  weak  lactic 
acid,  which  only  excite  nerves  when  concentrated;  (5)  bile  also 
is  said  to  stimulate  muscle  in  much  weaker  solutions  than  it  will 
nerve  fibres. 

4.  Electric  Stimulation. — Electricity  is  the  most  convenient  form 
of  stimulation,  because  we  can  accurately  regulate  the  force  of 
the  stimulus.  The  occurrence  of  any  variation  in  the  intensity 
of  BD  electric  current  passing  through  a  muscle  causes  it  to  con- 
tract. The  sudden  iucrease  or  decrease  in  the  strength  of  a  cur- 
rent acts  as  a  stimulus,  but  a  current  of  exactly  even  intensity 
may  be  made  to  pass  through  a  muscle  without  exciting  any  con- 
traction. The  common  method  employed  is  that  of  opening  or 
closing  a  circuit  of  which  the  muscle  forms  a  part,  so  as  to  make 
or  break  the  current;  and  thus  a  variation  of  intensity,  equal  to 
the  entire  strength  of  the  current  used,  takes  place  in  the  muscle, 
and  acts  as  a  stimulus. 

The  irritability  of  muscle  substance  is  uot  so  great  as  that  of 
the  motor  nerves,  that  is  to  say,  a  slight  stimulus  will  make  the 
muscle  contract  when  a])plied  to  its  nerve,  while  the  same  stimulus 
will  have  no  effect  if  applied  to  the  muscle  directly.  In  experi- 
menting on  the  contraction  of  muscle,  as  already  stated,  the  in- 
tervention of  the  nerve  is  commonly  used,  the  stimulus,  by  means 
of  an  electric  current  applied  to  the  nerve,  being  more  conve- 
niently and  completely  distributed  to  the  muscle  than  when  ap- 
plied directly. 
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The  current  of  a  balterj  may  be  used  to  stimulate  a  muscle,  but 
an  induced  current  is  more  commonly  employed  on  account  of  the 
greater  efficacy  of  its  action.  The  instrument  in  ordinary  use  in 
physiological  laboratories  is  Du  Bois-Reyraond's  inductorium,  in 
which  the  strength  of  the  stimulus  can  be  reduced  by  removal 

Fio.  183. 


Du  Bois-Reymond's  Inductonuni  with  Magnetic  Interrupter. — e.  Primary 
coil  tlirongli  wliich  the  primary,  intiuciny,  current  piiN''e«,  on  its  way  through 
the  electro-mngnel  (4).  i'.  Secondary  coil,  whicli  can  be  luoved  nearer  to 
or  further  from  the  primary  coil  (c),  thereby  allowing  a  stronger  or  weaker 
current  to  be  induced  in  it.  This  inrfuc^rf  current  i<  the  Ntiniulating  one. 
6.  Klectro-ningnei,  which,  on  receiving  the  current,  breitks  the  contact  in 
the  circuit  of  the  primary  coil  by  pulling  down  the  iron  hammer  (A),  and 
se[>arnting  the  Rpring  from  the  screw  of  e.  When  it  brings  the  spring  in 
contact  with  the  point  of  the  pillar  (a),  it  aloo  demagnetizes  itself  by  "Bhort- 
circniting"  the  battery.  When  tetanus  is  to  be  pro<Iuce<l,  the  wires  from 
the  battery  are  to  be  connected  with  y  and  if.  When  a  single  contraction 
is  rc<piired,  the  magnetic  interrupter  is  cut  out  by  shifting  the  wire  from  a 
to  the  binding  screw  to  the  right  of/. 


of  the  secondary  coil,  and  which  is  supplied  with  a  magnetic  in- 
terrupter, by  meaus  of  which  repeated  stimuli  may  be  given. 
C8ee  Fig.  183.) 
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Changes  occurkino  in  Muscle  on  its  entering  the 
Active  State. 

Chauget  in  Strudvre. — The  examination  of  muscle  with  the 
micniscnpe  during  its  coniraction  is  iittended  with  cousitlcrable 
diffii'uhy.  niifl  iu  the  higher  aiiimuls  has  not  led  to  satisfactory 
results.  Iu  the  mujicles  of  iusect-a,  where  the  differi-ntiatinn  of 
the  Contractile  pubiitunce  ia  ra<ire  conjidicated,  certain  changes 
can  be  nbserved.  The  fibre-',  and  even  the  filirilla;  within  iheiu, 
can  easily  enough  be  seen  to  uniJeign  cliiiuges  in  form  correspood- 
ing  to  those  of  the  entire  muscle,  namely,  increase  in  thickness 
and  diminulidii  in  length.  A  change  iu  the  position  and  relative 
size  of  the  singly  and  doubly  refracting  portions  of  the  muscle 
element  has  been  dcsc-ribed,  and  some  authors  st4ite  thai  the  lat- 
ter increases  at  the  expense  of  the  former  after  an  intermediate 
periud  iu  which  the  two  substances  seem  fused  together. 

Chemical  Changes. — During  tbe  contracled  condition  the  chem- 
ical changes  which  go  on  in  passive  uiuncle  are  intensified,  and 
certain  new  chemical  decompositions  arise,  of  which,  however, 
not  much  is  known. 

Active  muscle  takes  np  more  oxygen  than  muscle  at  rest,  as  is 
shown  by  the  facts  that,  duriug  active  muscular  exercise,  more 
oxygen  enters  the  body  by  respiration,  and  tbe  blood  leaving  active 
muscles  is  p<iurer  in  oxygeu  than  when  the  same  muscles  are 
passive.  This  absorption  of  oxygen  cannot  be  detected  in  a 
muscle  cut  out  of  the  boiiy,  nor  is  any  supply  of  oxygen  neces- 
sary for  a  contraction  of  such  a  muscle,  since  a  frog's  muscle  will 
contract  in  an  atmosphere  containing  no  oxygen.  From  this  it 
would  appear  that  a  certain  ready  store  of  oxygen  must  exist  in 
some  chemical  constituent  of  the  muscle  substance;  and  it  is  pos- 
sible that  some  chemical  compound,  which  is  constantly  renewed 
by  the  blood  existing  in  the  muscle,  is  its  normal  source  of  oxygen, 
and  not  the  oxyhemoglobin  of  the  blood. 

The  amount  of  CO,  giveu  off  by  a  muscle  increases  in  its  state 
of  activity,  as  may  be  seen  by  the  greater  elimination  from  the 
lungs  duriug  active  muscular  exercise,  and  by  the  fact  that  the 


CHEMICAL  CHANGES   DDRINO   CONTRACTION. 


453 


venous  bloori  of  a  limb,  when  the  muscles  are  contracted,  con- 
tains more  CO,  than  when  they  are  relaxed.  The  increase  of  CO, 
can  also  be  detected  in  a  muscle  removed  from  the  body  and  kept 
in  a  state  of  contraction.  Moreover,  this  increase  in  the  forma- 
tion of  CO,  in  a  muscle  takes  place  whether  there  is  a  new  sup- 
ply of  oxygen  given  to  it  or  not,  and  the  quantity  of  CO,  given 
off  always  greatly  exceeds  the  quantity  of  oxygen  that  is  used 
up.  So  that  it  is  not  exclusively,  if  at  all,  from  the  newly-sup- 
plied oxygen  that  the  CO,  is  produced. 

Muscle  tissue,  when  passive,  is  neutral  or  faintly  alkaline; 
during  contraction,  however,  it  becomes  distinctly  acid.  The  lit- 
mus which  it  changes  from  blue  to  red  is  pennaueutly  altered, 
and  we  can,  therefore,  conclude  that  CO,  is  not  the  only  acid  that 
makes  its  appearance.  The  other  acid  is  mrcolaclic  acid,  which 
is  constantly  present  in  muscle  after  prolonged  contriction,  and 
varies  in  amount  in  proportion  to  the  degree  of  activity  the 
muscle  has  undergone.  It  therefore  varies  directly  with  the  CO,, 
which  would  seem  to  suggest  a  relationship  between  the  origin  of 
the  two  acids. 

The  amount  of  glycogen  and  grape  sugar  is  said  to  diminish  in 
muscle  during  its  activity,  and  it  is  stated  that  sarcolactic  acid 
can  be  produced  from  these  carbohydrate^  by  the  action  of  cer- 
tain ferments. 

Active  muscle  contains  more  substances  than  can  be  extracted 
by  alcohol, and  less  that  are  soluble  in  water  than  passive  muscle. 

Ttie  chemical  changes  which  take  place  during  muscle  contrac- 
tion are  probably  the  result  of  a  decomposition  of  some  carbo- 
hydrates, in  which  the  albuminous  substances  do  nut  take  any  part 
that  requires  their  own  destruction.  This  seems  supported  by  the 
fuct  that  the  increaped  gas  exchange  in  muscle  during  active  ex- 
ercise can  be  recognized  in  a  corresponding  change  in  the  gas 
exchange  in  pulmonary  respiration  ;  and,  moreover,  there  seems 
no  relation  l>elween  muscular  labor  and  the  amount  of  nitro- 
genous wasie,  as  estimated  by  the  urea  eiiminatiun,  which  one 
would  expect  if  muscular  activities  were  the  outcome  of  a  de- 
coiiip<ii<ition  of  the  uitrogeuoud  (albuminous)  parts  of  the  muscle 
substance. 
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The  chemical  changes  which  are  comraonly  said  to  take  place, 
in  ranscle  during  it^  contraction  are: 

1.  The  contractile  substance,  which  is  Dornaaljy  neutral  or 
faintly  alkaline,  becomes  acid  iu  reaction,  owing  to  the  formatiou 
of  sarcolactic  acid. 

2.  More  oxygen  is  taken  up  from  the  blood  than  in  the  muscle 
at  rest.  This  using  up  of  oxygen  occurs  al?o  in  the  isolated 
muscle,  and  its  amount  appears  to  be  independent  of  the  blood 
supply. 

3.  The  extractives  soluble  io  water  decrease,  those  soluble  in 
alcohol  increase. 

4.  A  greater  amount  of  CO,  is  given  off,  both  in  the  isolated 
muscle  as  well  as  in  the  muscles  iu  the  body,  and  the  change  in 
the  quantity  of  CO,  has  no  exact  relation  to  that  of  the  oxygen 
used. 

6.  A  diminution  is  said  to  occur  in  the  contained  glycogen, and 
certainly  prolonged  inactivity  causes  an  increase  in  the  amount 
of  glycogen. 

6.  A  peculiar  muscle-sugar  makes  its  appearance. 

Change  in  Elatticily. — The  elasticity  of  a  muscle  during  its 
state  of  contraction  is  less  than  when  it  is  in  the  passive  state. 
That  is  to  say,  that  a  given  weight  will  extend  the  same  muscle 
more  if  attached  to  it  while  contracted  (as  iu  tetanus)  than  when 
it  is  relaxed.  The  cuntructed  muscle  is  then  more  extensible. 
If,  then,  a  weight  which  is  just  over  the  maximum  load  the  mus- 
cle cau  lift,  be  hung  from  it  and  the  muscle  then  stimulated,  it 
should  become  extended,  because  the  change  to  the  active  state 
lessens  its  elastic  power,  while  it  cannot  contract,  being  over- 
weighted. 

Eledrieal  Changes. — If  a  muscle,  in  connection  with  a  galvano- 
meter, so  as  to  show  the  natural  current,  be  stimulated  by  means 
of  the  nerves,  a  marked  change  occurs  iu  the  current  The  gal- 
vauometric  needle  swings  towards  zero,  showing  that  the  current 
is  weakened  or  destroyed.  This  is  called  the  negative  variation 
of  the  muscle  current  which  initiates  the  change  to  the  active 
condition.  When  the  muscle  receives  but  a  momentary  stimulus 
so  as  only  to  give  a  single  contraction,  this  negative  variation 
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takes  place  in  the  current,  but,  owing  to  its  extremely  short  dura- 
tion, the  galvanoraetric  needle  is  prevented  by  its  inertia  from 
following  the  change.  Only  the  mnet  sensitive  aud  well-regulated 
iuBtruinents  show  the  electric  change  of  a  single  contraction,  but 
when  the  muscle  is  kept  contracted  by  a  series  of  rapidly  re- 


Diagram  illostrating  the  arrangeiiicriit  in  ibe  Rhe<Mcopic  Fmg. — A  = 
KimuZci/i'n^  limb.  B  =  •(imu/ufn/  limb.  The  current  from  the  electrodea 
p<ui*e«  into  nerre  (n)  of  stimulating  limb  (a),  eikWiing  its  ga»truonemina  to 
oonlract.  Whereupon  the  negative  variation  of  llie  nutiiml  current  between 
■4-  and  — itimulates  ll>e  nerve  (v'),  and  excites  the  miuctes  of  b  to  action. 

peated  stimulations  then  the  inertia  of  the  needle  is  readily  over- 
come. The  negative  variation  of  a  single  contraction  can,  how- 
ever, be  easily  shown  oo  the  sensitive  aainial  tis.sues.  Fur  this 
purpose  the  nerve  of  one  nerve-muscle  preparation*  is  pieced 
upon  the  surface  of  aatitber  muscle  so  as  to  pass  over  the  middle 
of  the  transverse  and  longitudinal  sections.  Then  the  second 
(stimulating)  muscle  is  made  to  contract,  the  negative  variation 
acts  as  a  stimulus  to  the  nerves  lying  oo  it,  and  so  the  first  (stim- 
ulated) muscle  contracts.  Not  only  does  this  show  the  negative 
variation  of  a  single  contraction,  but  it  also  demonstrates  that 

•  By  a  ncrre-muBcIe  preparation  In  meant  a  miucle  of  a  frog  (commonly 
the  gaatrocnemiuc  and  the  half  of  tlie  femur  to  which  it  ia  attached)  and 
its  nerve  which  has  been  carefully  aeparated  from  oilier  parts  and  removed 
from  the  )x>dy. 
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the  Cootinaed  (tetanic)  contractioo  produced  by  repeated  stimu- 
latino  is  associated  with  repeated  negative  variations.  Because 
the  contraction  of  the  stimulated  muscle  whoste  nerve  lies  on  the 
stimulating  muscle  follows  exactly  all  the  variations  of  the  stim- 
ulator, and  is  kept  contracted  as  long  aa  the  other  is  contracted, 
and,  aa  we  shall  see  presently,  the  continued  contraction  can  only 
be  brought  about  by  a  rapidly  repeated  series  of  stimulations,  so 
that  the  electric  condition  of  the  stimulating  muscle  must  undergo 
a  series  of  variations. 

If  an  isolated  part  of  a  muscle  be  stimulated  ihe  contraction 
passes  from  that  point  as  a  wave  to  the  remainder  of  the  muscle. 
This  contraction  wave  is  preceded  by  a  wave  of  n^ative  varia- 
tion, which  passes  along  the  muscle  at  the  rate  of  3  metres  per 
second  (the  same  rate  as  the  contraction  wave,  see  under),  lasting 
at  any  one  point  .003  of  a  second,  so  that  the  negative  variation 
is  over  before  the  contraction  begins,  for  the  muscle  requires  a 
certain  time,  called  the  latent  period,  before  it  commences  to 
contract 

The  origin  of  the  electric-  currents  of  muscle  will  be  discussed 
with  nerve-currents,  to  which  the  reader  is  n  ferred  (p.  504). 

Temperature  Change^ — Long  since  it  was  observed  in  the  human 
subject  that  the  temperature  of  muscles  rose  during  their  activity. 
In  frogs'  muscle  a  contraction  lasting  three  minutes  caused  an 
elevation  of  .18°  C.  And  a  single  contraction  is  said  to  produce 
a  rise  varying  from  .001°  to  .005°  C,  according  to  circumstances. 

The  production  of  heat  is  in  proportion  to  the  tension  of  the 
muscle.  When  the  muscles  are  prevented  from  shortening  a 
greater  amount  of  heat  is  said  to  be  produced. 

The  amount  of  heat  has  also  a  definite  relation  to  the  work  per- 
formed. Up  to  a  certain  point  the  greater  the  load  a  muscle  has 
to  move,  the  greater  the  heat  produce<l ;  when  this  maximum  is 
reached  any  further  increase  of  the  weight  causes  a  falling  off 
in  the  heat  production.  Repeated  single  contractions  are  said 
to  produce  more  heat  than  tetanus  kept  up  for  a  corresponding 
time. 

The  fatigue  which  follows  prolonged  activity  is  accompanied  by 
a  diminution  iu  the  temperature  elevation. 


MuBCLE  Contraction. 

CJiange  inform. — The  most  obvious  change  a  muscle  undergoes 
in  passing  into  the  active  !;tat«  ia  its  alteration  in  shape.  It 
becomes  shorter  and  thicker.  The  actual  amount  of  shorten- 
ing varies  according  to  circumstances,  (a)  A  muscle  on  the  stretch 
when  stimulated  will  shorten  niDre  in  proportion  than  one  whose 
elasticity  is  not  called  into  play  before  contraction,  so  that  a 
weighted  muscle  shortens  more  than  an  unweightefl  one  with  the 
same  stitnulus.  (6)  The  fresher  and  more  irritable  a  muscle  ia, 
the  shorter  it  will  become  in  response  to  a  given  stimulus ;  and, 
conversely,  a  muscle  which  has  been  some  time  removed  from  the 
body,  or  is  fatigued  by  prolonged  activity,  will  contract  propor- 
tionately less,  (c)  Within  certain  limits,  ihestronger  the stimulus 
applied  the  shorter  a  muscle  will  become,  (if)  A  warm  tempera- 
ture augments  the  amount  of  shortening,  the  amount  of  contrac- 
tion of  frogs'  muscles  increasing  up  to  33''  C  A  perfectly  active 
frog's  muscle  shortens  to  about  half  its  normal  length.  If  much 
stretched  and  stimulated  with  a  strong  current  it  may  contract 
nearly  to  one-fourth  of  its  length  when  extended.  Muscles  are 
seldom  made  up  of  perfectly  parallel  fibres,  the  direction  and 
arrangement  varying  much  ia  different  muscles.  The  more 
parallel  to  the  long  axis  of  the  muscle  the  fibres  run,  the  more 
will  the  given  muscle  be  able  to  shorten  in  proportion  to  its 
length. 

The  thickness  of  a  muscle  increases  in  proportion  to  its  shorten- 
ing during  contraction,  so  that  there  ia  but  little  change  in  bulk. 
It  is  said,  however,  to  tiimiuish  slightly  in  volume,  becoming 
less  than  ygVir'^  smaller.  This  can  be  shown  by  making  a  muscle 
contract  in  a  bottle  filled  with  weak  salt  soluiiou  so  as  tu  exclude 
all  air  and  to  communicate  with  the  atmag[>here  only  by  a  capil- 
lary tube  into  which  the  salt  solution  rises.  The  slightest  decrease 
in  bulk  is  then  shown  by  the  fall  of  the  thin  column  uf  fluid  in 
the  tube. 

Since  a  muscle  loses  in  elastic  force  and  gains  but  little  in  den- 
sity during  contraction,  the  hardness  which  ia  communicated  to 
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Ithe  touch  depends  on  the  difference  of  tension  of  the  semi-fluid 
contractile  substiince  within  the  muscle  sheath. 

The  Graphic  MErnoD  of  Recordino  Muscle  Contraction. 

In  order  to  study  the  details  of  the  contraction  of  muscle,  the 
graphic  method  of  recording  the  motion  is  applied.  The  curve 
may  be  drawn  on  an  ordinary  cylinder  moving  sufficiently  rapidly. 
Where  accurate  time  measurements  are  required  it  is  better  to 
use  one  of  the  many  special  forms  of  instruments,  called  myographs, 
made  for  the  purpose.  The  principle  of  all  these  instruments  is 
the  same  ;  namely,  an  electric  current,  which  passed  through  the 
nerve  of  a  frog's  muscle  connected  with  the  marking  lever,  is 
broken  by  some  mechanism,  while  the  surface  is  in  motion ;  the 
exact  momeut  uf  breaking  the  contact  can  be  accurately  marked 
off  on  the  recording  surface  by  the  lever  which  draws  the  muscle 
curve  before  the  instrument  is  set  in  motion.  The  rate  of  motion 
is  registered  by  a  curve  drawn  by  a  tuning  fork  of  known  rate  of 
vibration. 

'  In  order  that  the  muscle-nerve  preparation  may  not  be  injured 
by  the  tissues  becoming  too  dry,  it  is  placed  in  a  small  glass 
box,  the  air  of  which  is  kept  moist  by  a  damp  sponge.  This 
moiM  chamber  is  used  when  any  living  tissue  is  to  be  protected 
from  drying. 

The  first  myograph  used  was  a  complicated  instrument  devised 
by  Helmholtz;  in  which  a  small  glass  cylinder  is  made  to  rotate 
rapidly  by  a  heavy  weight,  and  when  a  certain  velocity  of  rotation 
is  attained,  a  tooth  is  thrown  out  by  centrifugal  force,  which 
breaks  the  circuit  of  the  current  passing  through  the  nerve  of  the 
muscle.  The  teudou  is  attached  to  a  balanced  lever,  at  one  end 
of  which  hangs  a  rigid  style  pressed  by  its  own  weight  against 
the  glass  cylinder.  When  the  circuit  is  broken  the  muscle  con- 
tracts, raises  the  lever,  and  makes  the  style  draw  on  the  smoked 
glass  cylinder. 

Fick  introduced  a  flat  recording  surface  moving  by  the  swing 
of  a  pendulum,  by  which  the  abscissa  is  made  a  segment  of  a  circle, 
and  not  a  straight  line,  and  the  rate  varies,  so  that  the  different 
parts  of  the  curve  have  varying  time-values.    The  curves  given 
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in  the  following  wood-cuts  are  drawn  with  the  Pendulum  Myo- 
graph. 

Du  Bois-Rejmoud  draws  muscle  curves  on  the  smoked  surface 
of  a  sraall  glass  plate  contaioed  in  a  frame,  which  is  shot  by  the 
force  of  a  spiral  spring  along  tense  wires,  and  on  its  way  breaks 
the  contact.  The  trigger  used  for  releasing  the  spring  sets  a 
tuning  fork  at  the  same  time  vibrating. 


Single  Contraction. 

Id  response  to  a  single  instantaneous  stimulus,  such  as  the 
making  or  breaking  of  an  electric  current,  a  muscle  gives  a  mo- 
mentary twitch  or  spasm,  commonly  spoken  of  as  a  single  eon- 
traction,  which  is  of  so  short  duration  that  without  the  graphic 

Fig.  186. 


Curve  drown  by  a  frog's  gaalrocnemius  on  the  Pendulum  Mrograph. 
Below  is  seen  the  tuning  fork  record  of  the  time  occupied  by  the  contraction. 
Parallel  (o  the  latter  is  (he  absciissa.  The  little  vertical  mark  at  the  led 
ehowH  the  moment  of  stiaiulution,  and  (lie  distance  from  this  to  the  begin- 
ning of  (he  rise  of  the  curve  gives  the  latent  period,  which  is  followed  by 
the  ascent  and  descent  of  (he  lever. 

method  of  recording  the  motion  we  could  not  appreciate  the 
phases  which  are  seen  on  the  curve. 

The  curve  drawn  on  the  recording  surface  of  a  pendulum  myo- 
graph, by  such  a  single  contraction,  is  represented  in  figure  185. 
The  short  vertical  stroke  on  the  abscissa  or  base  line  is  drawn  by 
touching  the  lever  when  the  muscle  is  in  the  uncontracted  state, 
and  indicates  the  time  of  stimulation.  The  upper  curved  line  is 
drawn  by  the  lever  and  during  the  contraction  of  the  muscle. 

lu  such  a  curve  the  following  stages  are  to  be  distinguished: 
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1.  A  short  perio<l  between  the  moment  of  stimulation  and  that 
at  which  the  lever  begins  to  rise,  during  which  the  muscle  does 
not  move.  This  is  known  as  the  latent  period.  In  the  skeletal 
muscles  of  the  frog  this  period  la.sts  about  .01  sec. 

2.  A  period  during  which  the  lever  rises,  at  first  slowly,  then 
more  quickly,  then  again  slowly,  until  it  ceases  to  rise.  This 
stage  has  been  called  the  period  of  rising  energy.  It  lasts  about 
.04  sec. 

3.  When  the  highest  point  is  attained  the  lever  commences  to 
fall,  at  first  slowly,  then  more  quickly,  and  at  last  slowly.  There 
is  then  no  pau^e  at  the  height  of  contraction.  The  stage  of 
relaxing  has  been  called  the  period  of  Jailing  energy.  It  is  said 
to  occupy  a  somewhat  longer  time  than  the  second  period,  lasting 
about  .05  sec. 

Thus  we  see  that  a  stimulus  occupying  an  immeasurably  short 
time  sets  up  a  change  in  the  molecular  condition,  which  taking 
nearly  .1  sec.  to  run  its  course,  and  requiring  .01  sec.  before  it 
exhibits  any  change  of  form,  then  in  .04  sec.  attaining  the  maxi- 
mum height  of  coutraction,and  without  waiting  in  the  contracted 
condition,  spends  .05  sec.  in  relaxing. 

The  latent  period  which  appears  in  a  tingle  contradion  curve 
drawn  by  a  muscle  stimulated  in  the  usual  way,  through  the 
medium  of  a  nerve,  is  not  entirely  occupied  by  preparatory 
changes  going  on  in  the  substance  of  the  muscle,  but  a  certain 
part  of  the  time  recorded  as  latent  period  corresponds  to  the  time 
required  for  the  transmission  of  the  impulse  along  the  nerve. 
This  may  be  shown  by  stimulating  first  the  far  end  of  the  nerve 
and  then  the  muscle  itself  In  this  case  two  curves  will  be  drawn 
having  diSerent  latent  periods,  that  obtained  by  direct  stimula- 
tion ot  the  muscle  being  shorter,  and  representing  the  real  latent 
period  of  the  muscle,  while  the  longer  one  includes  the  time  taken 
by  the  impulse  to  travel  along  the  piece  of  nerve  between  the 
electrodes  and  the  muscle  (see  p.  502). 

The  latent  period  varies  much  in  diflerent  kiuds  of  muscle,  in 
the  same  kind  uf  muscle  in  different  animals,  and  iu  the  same 
individual  muscle  under  different  conditions.  Asa  rule  the  slow- 
contracting  muscles  have  a  longer  latent  period.     Thus  the  nun- 
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Striated  slow-contracting  muscles  found  in  the  hollow  viscera 
h«ve  a  latent  perioii  r)f  some  secoiifls.  The  strialed  imiscles  of 
cold  blooded  animalii  have  a  longer  latency  than  the  same  kind 
of  muscle  in  birds  and  mammalia.  The  same  f;a<>trocDemiii8  ofa 
frog  has  a  shorter  latent  perind  when  strongly  stimulated,  or  when 
it*  temperature  is  raised,  and  tnre  versa. 

The  lateut  period  is  considerably  lengthened  by  fatigue.  If 
the  weight  be  so  applied  that  it  does  not  extrml  the  muscle  before 
contraction,  but  ouly  bears  on  it  the  in.stuDt  it  commences  to 
shorten,  the  duration  of  the  latent  period  increases  in  proportion 
to  the  weight  the  muscle  has  to  lift. 

Fto.  1S6. 


Curves  drawn  liy  the  fmriie  niiiKcle  in  liift'erenl  stages  of  rittigiic. — A,  wlipn 
fre^li ;  B,  C,  D,  E,  each  imiiiediatcly  after  the  miiK-le  hnd  contracted  200 
titiie)).    fc>howing  that  faligne  causes  ■  low,  long  cootraction. 

The  duration  of  the  single  contraction  of  striated  muscle  varies 
in  different  cases  and  under  varying  circumstauces.  The  greatest 
difference  is  reached  by  the  muscles  found  in  diflerent  kinds  of 
animals.  The  contraction  of  some  kiuds  of  muscle  tissue  (non- 
striated  muscleofniollusca,  for  example)  occupies  several  minutes, 
and  retniuds  one  of  the  slow  movement  of  protoplasm  ;  while  the 
rapid  action  of  the  muscle  of  the  wing  of  a  horsefly  occurs  330 
times  a  second.  Various  gradations  between  these  extremes  in 
the  rapidity  of  muscle  contraction  may  be  fouud  iu  the  contrac- 
tile tissues  of  difierent  animals.  The  following  table  gives  the 
rate  of  contraction  of  some  iusecta'  muscles,  which  may  help  to 
show  the  extent  of  these  variations. 

Horsefly 330  contnictioi»  per  second. 

Bee, 190  " 

Wasp, no  "  " 

Dragun-fly,       ....       28  "  " 

Butterfly,  ....        9  "  " 
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Among  the  yertebrata  the  duration  of  the  contraction  of  the 
skeletal  rauscles  varies  considerably  according  to  the  habits  of  the 
animal.     The  limb  muscles  of  the  tortoise  and  toad  take  a  verj 

Fjo.  187. 


8U  curves  fimwn  by  the  same  miisolc  wlieniitrctched  by  ditTerciit  weights 
Showing  tliat  as  the  weiglit  is  increased  the  latency  become!)  longer  and  the 
conlraclioo  lesa  in  height  and  daralion, 

long  time  to  finish  their  contraction  ;  other  mu.'cles  of  the  same 
animals  act  more  quickly,  but  do  not  allaio  the  rapidity  of  con- 
trautiou  of  the  skeletal  muscles  of  warm-blooded  animals. 


Fio.  188. 


Curves  drawn  by  the  fame  muscle  at  difTerent  temperatures.  Showing 
that  with  elevation  of  temperature  the  lalcnry  and  the  contraction  become 
shorter.    (Tbemtucle  bad  been  previously  cooled.) 

The  duration  of  a  single  contraction  of  the  same  muscle  is  also 
capable  of  considerable  variation.     It  seems  to  be  lengthened  by 
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anything  that  leads  to  an  accumulation  of  the  chemical  prodticta 
which  arise  from  muscle  activity.  Hence  Tatigue  or  over-stimu- 
lation cause  a  slow  contraction  (Fig.  186). 

Moderate  increase  of  temperature  greatly  shortens  the  time  oc- 
cupied by  the  single  contraction  of  any  given  muscle.  Excessive 
heat  causes  a  state  of  continued  contraction. 

Tiie  reduction  of  temperature  causes  a  muscle  to  contract  more 
slowly,  and,  when  extreme,  the  muscle  remains  contracted  long 
after  the  stimulus  is  removed. 

Wave  of  Contraction. — If  one  extremity  of  a  long  muscle  be 
stimulated  without  the  aid  of  the  nerve  (it  is  best  to  employ  a 

Fio.  189. 


Curves  drawn  by  lUe  same  niiiscle  while  being  cooIim).     HIiowIiik  tlnil  llip 
Intency  and  the  cuntrsction  become  longer  ait  the  tcinpcraturo  ia  nxlnvud. 

muscle  from  a  curarised  animal),  the  contraction  pawe*  along  ihn 
muscle  from  the  point  of  stimulation  in  a  wave  which  tmvnU  nt 
a  definite  rate  of  3—4  metres  per  sec.  in  a  frog,  ami  •\--t>  metres 
per  sec.  in  a  mammal.  Reduclipn  of  temperature  mid  fading  of 
vital  activity  cause  the  velocity  of  the  wave  to  be  Icascupd,  until 
finally  the  tissue  ceases  to  conduct ;  then  only  a  local  contraction 
occurs,  severe  stimulus  causing  simply  an  elevation  at  the  point 
of  contact.  This  seems  analogous  to  the  idio-inuHcular  coulrao- 
tion,  which  marks  the  seat  of  severe  meohauical  slimulatiuu  after 
the  general  contraction  has  ended. 


Maximum  Contraction. 


I 

^H  The  extent  to  which  a  muscle  will  contract  depends  upon  the 

^^        conditions  in  which  it  is  placed,  and  varies,  as  we  have  seen,  with 
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atimulus.  A  fresh  mitscle  then,  at  the  ordinary  temperature  with 
a  medium  load,  will  contract  mnre  and  more  a»  the  intensity  of 
the  current  eni|)l(>_ved  increase?.  There  is  a  limit  to  this  increase, 
and  with  com piara lively  weak  stimulation,  an  effuct  is  produced 
which  cannot  be  surpassed  by  the  same  muscle,  no  matter  what 
stimulus  be  applied.  This  greatest  contraction  is  the  same  for  all 
medium  stimuli  while  the  muscle  is  fre*h,and  i.«  called  the  maxi- 
mum contrariion,  being  the  greatest  shortening  which  can  be  pro- 
duced by  a  single  instantaneous  stimulus. 

FiQ.  190. 


Pendulum  Myogmpli  Truc-ings  showing  Sunitnntion.— 1.  Curve  of  maxi- 
mum contraction  drawn  by  firnt  stininluB,  tlie  eznct  lime  of  ap|>l!cation  of 
wliicli  is  shown  by  llie  Binall  iip-slrokeof  ihe  left  hnnd  of  ihe  biise  line. 
2.  Maximnm  ponlmction  resiiliing  from  second  simple  slimnlation  given  at 
the  moment  indicated  by  iheoilier  small  iip-stroke.  3.  Curve  drawn  as  the 
result  of  double  alimnlntion  sent  in  at  nn  interval  indicate<l  by  the  distance 
between  the  iip-strokes,  showing  summation  of  stimulus  and  consequent 
increase  in  contraction  over  the  "maximum  contraction." 


Summation. — Each  time  a  muscle  receives  an  induclion  shock 
of  medium  strength  it  contracts  to  its  maximum.  If  a  second 
shock  be  given  while  the  muscle  is  in  the  contracted  state,  a  new 
maximum  contrnction  is  added  to  the  extent  of  the  contraction 
the  muscle  was  in  at  the  moment  of  the  second  stimulation,  and 
if  stimulated  when  the  lever  is  at  the  apex  of  the  curve  the  sum 
of  the  effect  produced  will  be  equal  to  two  maximum  coDtractioos. 

If  applied  in  the  middle  of  the  period  of  the  ascent  or  descent 
of  the  lever,  a  second  stimulation  gives  rise  to  IJ  maximum  con- 
tractions, and  80  OD,  in  various  parts  of  the  curve,  a  new  maxi- 
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mum  curve  is  produced,  arising  from  the  point  at  which  tlie  lever 
is  when  the  second  stimulus  is  applied  (Fig.  190). 

During  the  latent  period  a  second  stiraulation  produces  Itws 
marked  eflect,  and  is  difficult  to  demonstrate,  but  if  the  second 
stimulus  come  after  an  interval  of  more  than  gfjj;  sec.,  summation 
can  be  appreciated. 

This  summation  of  effect  also  takes  place  when  the  stimulus  in 
iusufficient  to  produce  a  maximum  contraction,  the  nucceeding 
weak  stimuli  give  rise  to  the  same  extent  of  contraction  of  the 
already  partially  contracted  muscle,  a.s  if  it  wore  at  itn  normal 
length  at  the  time  of  the  second  stimulation.  The  following 
tracings  (Figs.  191-193)  show  the  effects  of  repeated  stimulations 
applied  at  the  various  periods  indicated  by  the  numbers  on  the 
abscissa  line. 

Tetania. 

If  a  series  of  stimuli  be  applied  one  after  the  other,  at  intervals 
equal  to  about  half  the  duration  of  a  single  contraclitin,  a  sum 
malion  of  contractions  occurs,  which  results  in  tho  nccimiulati<ui 
of  effect  until  the  muscle  has  shortened  to  about  one  half  uf  the 
length  it  attains  during  a  single  contraction,  or  about  one  fourth 
the  normal  length  of  the  relaxed  muscle ;  it  can  tla-ii  nliurlt'ii  no 
more  no  matter  how  the  stimulus  be  increased  in  rate  omlnnigtli. 
Not  having  sufficient  time  between  the  stimuli  it  cannot  relax,  so 
it  remains  contracted  permanently  as  long  as  thu  ulimulun  i«  (con- 
tinued, the  various  single  contractions  caused  by  the  r(>|ieatod 
shock  all  being  fused  together  (Fig.  191;;  but  if  the  interval  be 
more  than  half  the  time  occupied  by  a  single  contraction,  then 
the  line  drawn  by  the  lever  will  show  notches  iniiiciuing  the 
apices  of  the  fused  single  contractions  (Figs.  lU'J  and  193). 

This  condition  of  continuous  summatiou  uf  contractions  is  called 
tetatius,  and  in  all  probability  is  not  only  tlio  coinmonc.it  but  the 
only  kind  of  muscular  motion  that  can  be  produced  by  the  action 
of  the  nerves  in  obedience  to  the  will.  All  the  actions  of  our 
skeletal  muscles  are  then  made  up  of  tint  fuHion  uf  many  single 
contractions  into  tetanus,  and  such  motions  as  appear  loo  quick 
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for  tetanic  action  are  accompliehed  by  the  ioterpositioD.at  a  cer- 
tain momeut,  of  the  action  of  an  antagonistic  muscle  which  etops 
the  nioveraent  and  rnakeu  the  act  extremely  rapid. 

With  from  twenty  a  second  to  upwards  of  many  hundreds  of 

Fio.  191. 


C.'virve  t>t  lenniiH  rei*tiliifiK  Iroiu  o»i  siiiii'iliiliimM  |ter  Hecfiiui,  ilniwii  on  A 
dnini  nitating  nlowlr  coni|«re<l  witli  tlie  motion  of  tlie  Peniliilnin  llyoKniph. 
Tlie  Ktimnhition  i-omiiiences  at  "oO,"  and  ceaiiex  jiwl  before  the  lever  l>egini 
10  fall.  No  trace  of  the  individual  ixjntractiuua  uf  wliicli  the  leinniis  is 
coniposed  cati  be  recognixed. 

induced  shocks  one  can  pniduce  teanus  in  a  frog's  muwle.  The 
loweist  limit  ol  ihis  rai'ge  i»  probably  about  the  iiuiiiher  of  im- 
pul»<'N  coriiniuuicalfd  to  huniMn  mtiHcies  by  tht-ir  nervef , ciiice  the 
tune  pniduued  by  contrui-tiug  inu»cle  furrespood^  to  thefir»t  over- 


Curve  of  tclaniia  c<»n|>osc(l  of  iiin>erfi'cily  fusel  contimtiniis  resulting 
from  12  slimnlalions  per  sc  ond.  Tlie  nerrntions  on  tlie  left  of  the  curve  in- 
dicate the  iadividual  coniracliung. 

tone  of  a  primnry  note  produced  bv  19.5  vibrations  in  a  second. 
The  number  of  stimuli  required  varies  with  the  rate  of  contrac- 
tion of  the  muscle  employed,  the  quick  contracting  bird's  muscle 
requiring  70  per  second,  while  the  exceptionally  slow-moving 
tortoise  uiuscle  only  requires  3  per  second.     According  to  some, 
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there  is  a  limit  to  the  number  of  stimuli  which  will  cause  tetanus, 
360  |)er  secomi  is  named  as  the  maximum  for  a  certatu  strength 
of  stimulus;  with  stronger  stimuli,  even  when  more  frequent, 
tetanus  occurs.  It  has  been  shuwn  that  many  thousand  stimuli 
per  second  can  cause  tetanus  even  with  very  weak  currents.  If 
tetanus  be  kept  up  for  some  seconds,  and  the  stimulation  be  then 
suddenly  stopjwd,  the  lever  falls  rapidly  for  a  certain  distance, 
but  the  muscle  does  not  quite  return  to  its  normal  length  for  some 
few  seconds.  This  residue  contraction  is  easily  overcome  by  any 
substantial  load.  If  kept  in  a  state  of  tetanus  by  weak  stimula- 
tion, after  some  time  the  muscle  commences  to  relax  from  fatigue, 

Fig.  193. 


Tetanus  imKluoei!  hy  8  stimulations  per  Beoond.  Tlie  more  perfect  fusion 
of  the  single  ctmtractions  shown  towards  the  end  of  ihe  curve  depends  on 
the  altered  condition  of  the  muscle. 

at  first  rapidly,  then  more  slowly  ;  this  falling  ofi*  of  the  tetanic 
contraction  may  be  prevented  by  increasing  the  stimulus. 

Muscle  Tone. 

Although  the  tracing  drawn  by  a  lever  attached  to  a  muscle 
in  tetanus  is  straight,  and  does  not  show  any  variation  in  the 
tension  of  the  tetauized  muscle,  some  variation  in  tension  must 
occur,  since  a  low  humming  sound  is  produced  during  contraction. 
This  muscle-tone  can  be  heard  by  applying  the  ear  firmly  over  any 
Ijirge  muscle  (biceps)  while  in  tetanus,  or  by  throwing  the  mus- 
cles attached  to  the  Eustachean  tube  into  action,  as  in  swallow- 
ing, or  during  spasm  of  the  muscles  in  mastication. 

The  number  of  vihraiions  of  the  muscle-sound  has  been  esti- 
mated to  be  from  18-20  for  the  humau  skeletal  muscles.     This 


J 


468 


MAITTJAX.  or  PHTSIOLOOT. 


naaber  of  TibratiooB,  fcawefer.  doca  not  produce  anj  modible 
Bote ;  hence  it  h«e  been  (apposed  that  tbe  note  we  bear  ia  really 
tbe  firat  orertooe,  and  not  tbe  fundameotal  U>oe.  Wbeo  a  moacle 
is  thrown  into  tetaons  bj  a  current  inlermpted  bj  a  toning  fork, 
a  tone  ic  raid  to  be  prodaoed  which  corresponds  to  tbe  namber  of 
▼ibrations  of  tbe  fork  which  caoaes  tbe  interraptioo  in  tbe  car- 
rent,  and  thus  regulates  the  namber  of  stimalations  which  tbe 
Boacle  receives.  If,  boweTer,  a  oontractioa  of  tbe  mosde  be 
brought  about  by  stimulating  tbe  spinal  cord,  with  tbe  same 
apparatus  for  making  and  breaking  the  current,  then  tbe  normal 
muscle-tooe  is  produced,  jost  as  if  the  contraction  was  tbe  result 
of  a  nerve  impulse  coming  from  the  brain. 

iRRITABILmr   AND   FaTIOTHB. 

The  life  of  the  muscle  tissue  of  mammalian  animals  is  closely 
dependent  apon  a  good  supply  of  nutrition,  and  if  its  blood- 
current  be  completely  cut  ofi*  by  any  means  for  a  length  of  time 
it  loses  its  power  of  contracting.  While  the  muscle  remains  in 
tbe  body,  and  is  therefore  kept  warm  and  moist  by  tbe  juices  in 
the  tissues,  it  will  live  a  very  considerable  time  without  any  blood 
flowing  through  it,  and  it  at  once  regains  its  contractility  when 
tbe  blood  stream  is  again  allowed  to  flow  through  its  vesaels. 
This  is  seen  when  the  circulation  of  a  limb  is  brought  to  a  stand- 
still by  means  of  a  tourniquet  or  a  tightly  applied  bandage. 
When  removed  from  the  body,  a  mammaliau  muscle  soon  ceases 
to  be  irritable  and  dies,  but  its  fuoctional  activity  may  be  renewed 
by  passing  an  artificial  stream  of  arterial  blood  through  its  ves- 
sels, and  an  isolated  muscle  may  thus  be  made  to  contract  re- 
peatedly for  a  considerable  time. 

On  the  other  hand,  tbe  muscle  of  a  cold-blooded  animal  will 
remaiu  alive  for  a  long  time — many  hours — if  kept  cool  and 
moist.  When  its  functional  activity  is  about  to  fade,  it  may  be 
revived  by  means  of  an  artificial  stream  of  blood  beiug  caused 
to  flow  through  its  vessels,  just  as  in  tbe  case  of  the  mammalian 
muscle. 

Common  experience  teaches  us  that  even  when  well  supplied 
with  blood  our  own  muscles  become  fatigued  after  very  prolonged 
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,  mud  an  tocspable  of  fiirtbcr  Mtion.  This  ooran  all  tlie 
more  rapidlj  when  anjtiiisg  interferes  with  the  flow  of  blood 
thraagfa  tbetn,  soch  as  when  we  use  our  arms  in  an  elerated  poei- 
tion;  the  simple  operation  of  tlririog  in  a  screw  overhead  b  soon 
followed  by  pain  and  fatigue  in  the  muscle  of  the  forearm,  though 
the  Mine  amount  of  force  could  be  exerted  when  the  arms  arc  in 
a  dependent  pasture  without  the  least  feeling  of  fiitigue. 

The  difEculiies  of  experimenting  with  the  muscles  of  maramals 
make  the  frog-muscle  the  common  material  for  investigation,  and 
from  it  we  learn  the  following  facta : 

When  removed  from  the  body  and  deprived  of  its  blood  supply, 
the  muscle  of  a  cold-blooded  animal  slowly  dies  from  want  of  nu- 
trition. However,  if  it  be  placed  under  favorable  circumstances, 
and  allowed  perfect  rest,  it  may  live  twenty-four  hours.  If  it  be 
frequently  excited  to  action,  on  the  other  hand,  it  rapidly  loses  its 
irritability,  becoming  in  fact  fatigued. 

From  a  muscle  removed  from  a  recently  killed  animal,  we  learn, 
moreover,  that  even  without  any  blood  supply  the  muscle-tissue  is 
capable  of  recovering  from  very  well-marked  fatigue,  if  it  be 
allowed  to  rest  for  a  little  time,  so  that  the  muscle  has  in  itself 
the  material  requisite  for  its  recuperation. 

The  first  question  then  is,  what  causes  the  loss  of  irritability 
which  we  call  fatigue?  And  the  second  is,  by  what  means  is  the 
muscle  enabled  to  return  to  a  state  of  functional  activity?  We 
know  that  the  mere  life  of  a  tissue  must  be  accompanied  by  certain 
chemical  changes  which  require  (1)  a  supply  of  fresh  material, 
and  (2)  the  removal  of  certain  substances  which  are  the  outcome 
of  the  tissue-change.  In  the  case  of  muscle  this  chemical  inter- 
change is  constantly  but  slowly  going  on  between  the  contractile 
substance  and  the  blood.  When  the  muscle  contracts  much  more 
active,  and  probably  difTorent,  changes  go  on  in  the  contractile 
substance,  more  new  material  being  required,  and  more  effete 
matter  being  produced.  It  is  probable  that  the  accumulation  of 
these  effete  matters  is  the  more  important  cause  of  the  loss  of  irrita- 
bility in  a  muscle,  for  a  frog's  muscle  when  quite  fatigued  may 
be  rendered  active  again  by  washing  out  its  bloodves.sels  with  a 
stream  of  salt  solution  of  the  same  density  as  the  serum  (.G  per 
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cent.  NaCI),  and  thus  removing  the  injurious  " fktigue-stofis,"  as 
ther  have  been  called.  We  know  also  that  a  very  minute  quantity 
of  lactic  acid  injected  into  the  vessels  of  a  muscle  destroys  its  irri- 
tability, and  brings  it  to  a  state  resembling  intense  fatigue.  Of 
the  new  material  required  forthesustentation  of  muscle  irritability 
we  know  that  oxygen  is  amoogst  the  most  important,  though  its 
supply  is  not  absolutely  neoeseary  for  the  recuperation  of  a  par- 
tially exhau«>te<l,  isolated  frog's  muscle. 

The  slow  recovery  of  a  bloodless  muscle  from  fatigue  may  be 
explained  by  supposing  time  to  be  neceaaary  for  the  reconstruction 
of  new  contractile  materiiil,  and  probably  also  for  a  *ecnndary 
change  to  take  place  in  the  effete  materials  by  which  they  become 
leas  injurious. 

When  working  actively,  then  it  is  obvious  that  the  muscles  re- 
quire an  adequate  supply  of  good  arterial  blood  in  order  to  ward 
off  exhaustion  ;  and,  as  already  explained  in  speaking  of  the  vaso- 
motor influences,  a  muscle  does  in  reality  receive  a  much  greater 
supply  of  blood  when  actively  contracting  than  wbeu  in  the  passive 
sUte. 

The  irritability  of  a  muscle  and  the  rate  at  which  it  becomes 
exhausted  may  be  said  to  depend  upon  : 

1.  The  adequacy  of  its  blood  supply:  the  better  the  supply  of 
new  material  and  the  more  quickly  the  iujurious  effete  materials 
are  removed,  the  more  work  a  muscle  can  do  without  becoming 
exhaui-ted. 

2.  Temperature  has  a  marked  effect  on  the  irritability  as  well 
as  form  of  contraction  of  muscles.  Very  low  temperatures — ap- 
proaching zero  C. — diminish  the  irritability  of  a  muscle,  but  do 
not  seem  to  tend  towards  more  rapid  exhaustion.  High  tempera- 
tures— approaching  30°  C. — increase  the  irritability,  and  at  the 
same  time  rapidly  bring  about  fatigue.  At  about  35°  C.  au  iso- 
lated frog's  muscle  begins  to  pass  into  heat  tetanus,  and  soon  loees 
Its  irritability  forever. 

3.  Functional  activity  is  accompanied  by  an  increased  blood- 
supply,  and  a  more  perfect  nutrition  of  the  muscles,  and  hence 
use  is  ad VHUtaeenus  for  their  growth  and  power;  while,  on  the 
other  hand,  continued  and  prolonged  inactivity  causes  a  lowering 
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of  the  nutrition  and  loss  of  irritability.  Thus  when  the  nerves 
supplying  the  voluntary  muscles  are  injureii,  there  is  considerable 
danger  of  atrophy  aud  tissue- degeneration  of  the  muscles;  the 
contractile  substauce  becomes  replaced  by  fat  granules.  This  de- 
generation also  occurs  in  the  stump  when  a  limb  is  amputated, 
the  distal  attachments  of  the  muscles  having  been  cut,  they  atro- 
phy ;  fi^r,  although  their  nervous  supply  is  uninjured,  they  cannot 
act,  and  after  some  time  muscle  tissue  can  hardly  be  recognized 
in  them. 

Death  Rioor. 

The  death  of  muscle  tissue  is  preceded  by,  and  associated  with, 
a  set  of  changes  which  are  a  kind  of  exaggeratiou  of  those  observed 
in  its  active  state.  The  most  obvious  phenomenon  is  an  unyielding 
contraction,  which  causes  ihe  stiffening  of  the  body  after  systemic 
death.  Hence  it  is  called  rigor  mortis.  The  niuscies  harden  ; 
lose  iheir  elasticity,  and  the  ti^tsue  is  torn  if  forcibly  stretched. 
When  isolated,  the  muscle  is  seen  to  be  opaque,  ami  iu  ri>aclioQ 
is  found  to  be  distinctly  acid.  A  considerable  qutiivtity  of  heat  is 
developed  during  the  progress  of  the  rigor.  The  electric  currents 
alter  iu  directitm  nod  finally  disappear. 

The  period  iit  which  rigor  comes  on,  as  well  as  the  time  it  lasts, 
depend  on  (a)  the  slate  of  the  muscles  tht^iusclves,  and  (6)  the 
circuinslaiices  under  which  they  are  placed  at  the  time  of  death. 
All  iiitlutncea  which  tend  to  facilitate  the  approach  of  ti^sue-draih 
aUo  tend  to  induce  early  aud  rapidly-lerininaling  rigor,  viz.,  (I.) 
Prohmged  activity — a.s  may  Ite  shown  in  a  niuftcle  artificially 
tetutiized,  or  may  be  seen  iu  an  animal  whose  deatli  was  preceded 
by  intense  niuscniar  exertion— causes  rigor  to  Hpt>ear  aliuiwt  im- 
mt^liateiy,  aud  to  terminate  rapidly.  (2.)  Within  certain  limits, 
a  high  temperature  facilitates  the  production  of  rigor  in  dying 
muscles,  ami  indeed  a  temperature  not  much  exceeding  that  nor- 
mal lo  the  tissue  iuduces  rigor  immediately.  This  furm  of  con- 
traction, which  is  called  heat-rigor,  is  brought  about  in  mammalian 
nuiscleM  by  a  temperatui-e  oC  a  bunt  50°  C,  aud  in  frogs'  nlu^cle8 
below  40'  C  If,  however,  the  temperature  of  a  muscle  be  sud- 
denly raised  to  the  boiliug  point,  it  is  killed,  and  the  chief  phe- 
nomena of  rigor  are  prevented   from  occurring.     (3.J  Freezing 
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poitpoDes  the  appeftnooe  of  tbe  cfasngeB  in  the  miucia  upaa  w bicii 
rigor  depends.  (4.)  Stretch  ing.  or  aoj  mechanical  excitatioa 
which  tends  to  iojnre  or  hasten  the  death  of  the  tiane,  causes  it 
to  |>s«  more  rapidly  into  rigor.  (5.)  The  application  of  water 
sod  of  a  Domber  of  chemical  rabstances  causes  mtiwlesqaicklv  to 
psM  into  a  state  of  rigor  similar  in  all  essential  respects  to  that 
which  ordinari! J  follows  the  death  of  the  tissue.  (6.)  Aiij  stop- 
page in  the  blood-cnrrent  normally  flowing  through  a  mnscle, 
after  some  little  time  makes  it  pass  into  a  state  of  rigidity  like 
rigor  mortis,  bat  this  may  be  removed  by  allowing  the  blood  to 
flow  freely  again  through  the  muscle. 

It  is  geuerally  admitted  that  muscle  rigor  depends  on  the  coag. 
ulation  of  the  muscle  plasma,  giving  rise  to  myosin  and  muscle 
serum.  This  is  in  most  respects  comparable  with  the  coagulation 
of  the  blood,  and  also  seems  to  be  produced  by  the  action  of  some 
ferment,  of  which  several  have  been  made  out  io  dead  muscle  tis- 
sue (compare  the  par.  on  chemistry,  p.  442). 

Most  of  the  phenomena  of  the  process  of  muscle  rigor  remind 
ui  of  the  changes  which  were  noted  as  occurring  in  muscle  when 
it  passes  from  the  passive  to  the  active  state.  Thus  the  shortening 
of  the  fibres,  the  evolution  of  beat,  and  the  chemical  changes  may 
be  said  to  be  identical  in  contraction  and  rigor  mortis.  The  elec- 
trical changes  are,  however,  very  transitory,  and  are  followed  by 
complete  loss  of  elasticity  and  irritability.  Opacity  of  the  tissue 
accompanies  its  later  stages. 

Thus,  while  dying,  the  muscle  tissue  may  be  said  to  go  through 
a  series  of  events  analogous  to  those  which  would  occur  iu  a  pro- 
longed contraction  without  any  period  of  recuperation.  The  idea 
naturally  has  suggested  itself  to  the  minds  of  physiologists  that 
the  active  state  of  muscle  depends  upon  chemical  changes  which 
are  the  initial  steps  in  the  coagulation  of  the  contractile  substance, 
when  the  muscle  is  dying.  The  muscle  tissue  is  supposed  to  con- 
tain a  special  proteid  of  extremely  intricate  and  unstable  chemical 
constitution,  which,  like  all  plasmata,  is  constantly  undergoing 
slow  molecular  change,  and  which  if  not  reintegrated  by  constant 
assimilatian  would  pass  into  coagulation.  Under  the  influence  of 
stimuli  a  comparatively  sudden  and  intense  molecular  disturbance 
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CNSTRIATED  MTSCLB. 

So  far  reference  has  only  been  made  to  the  skeletal  ntiisclcm, 
the  fibres  of  which  are  marked  by  traosrerse  striations,  and  whtww 
single  contraction  is  extremely  rapid  and  short.  The  oiintraclil* 
tiasaes  which  carry  on  the  raovementji  in  the  various  organs  of  tho 
body  are  not  striated  fibres,  but,  as  has  been  already  statod,  con- 
sist  of  elongated  flattened  cells  with  rod-shaped  nuclei.  They 
occur  generally  in  the  form  of  sheets  or  layers  forming  coats  for 
the  organs  in  which  they  lie.  Their  single  contraction  is  slow 
and  prolonged,  and  commonly  is  transmitted  from  one  musole-oell 
to  another  as  a  kind  of  sluggish  wave.  Thoy  are  iuoupnble  of 
passing  into  a  tetanic  state  of  contraction  like  striated  musolea. 

The  slowest  contraction  seems  to  be  that  of  the  little  inuscle- 
celb  in  the  walls  of  the  bloodvessels.  These  remain  in  a  stale  of 
partial  contraction,  wliich  undergoes  a  brief  and  parliul  rliythmi- 
cal  relaxation.  The  most  forcible  aggregate  of  unstrtiiti^d  muwi'le 
elements  is  met  with  in  the  uterus.  This  organ,  which  has  very 
exceptional  motor  powers  to  perform,  contracts  in  sonirwlml  I  lie 
same  way  as  the  muscles  of  the  bloodvessels,  but  nioro  <iniflcly 
and  with  longer  rhythmical  intervals  of  partial  relaxation.  The 
muscular  wall  of  the  intestine  and  the  iris  are  among  the  most 
rapidly  contracting  smooth  muscles. 

The  chemical  properties  of  the  smooth  muncUi  arti  much  the 
game  as  those  of  striated  skeletal  muscles,  and  they  pans  into  a 
state  of  rigor,  while  dying,  which  scem«  to  ilopond  on  tho  nunio 
oauaes  as  the  rigor  mortis  already  described, 
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The  consideration  of  the  many  varieties  of  muscles,  and  the 
various  modes  in  which  they  are  attached  to  the  bones  that  they 
are  destined  to  move,  belongs  to  the  department  of  practical  anat- 
omy, and  needs  no  meotiou  here.  As  a  general,  but  by  no  means 
universal  rule,  a  muscle  has  one  attachment  which  is  fixed,  com- 
monly spoken  of  as  its  origin,  and  a  second,  called  its  intertion, 
upon  which  it  acts  by  approximating  it  to  the  origin.  Muscles 
mostly  pass  in  a  straight  line  between  their  two  attachments, 
but  sometimes  they  act  round  an  angle  by  gliding  over  a  pulley, 
or  by  means  of  a  small  bone  in  the  tendon,  like  the  patella. 

The  muscles  are  so  attached  that  they  are  always  slightly  on 
the  stretch,  and  thus  at  the  moment  they  begin  to  contract  they 
are  in  an  advantageous  position  to  bring  their  action  to  bear  on 
the  bones  which  they  move.  When  the  contraction  ceases  the 
bones  are  drawn  back  to  their  former  position  without  any  sudden 
jerk  or  jar. 

The  muscles  commonly  act  upon  the  bones  as  levers  by  working 
upon  the  short  arm  of  the  lever,  so  that  more  direct  force  is  re- 
quired on  the  part  of  a  muscle  than  the  weight  of  the  body  moved  ; 
but  from  this  arrangement  considerable  advantages  are  gained, 
viz.,  that  a  small  coutractiou  of  the  muscle  causes  an  extensive 
excursion  of  the  part  moved,  and  much  greater  rapidity  of  motion 
is  attained. 

All  the  three  orders  of  levers  are  met  with  in  the  movements 
of  the  different  bones  of  the  skeletou ;  often,  indeed,  all  three 
varieties  are  found  in  the  same  joint,  as  the  elbow,  where  the  sim- 
ple extension  and  flexion  motions  of  the  biceps  and  triceps  muscles 
give  us  good  examples  (Fig.  194). 

The  first  order  of  lever  is  used  when  the  triceps  is  the  power 
and  draws  upon  the  olecranon,  thus  moving  the  Land  and  forearm 
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around  the  trochlea  which  acts  as  the  fulcrum.  This  ia  shown  in 
the  upper  diagram,  in  which  the  hand  is  striking  a  blow  with  a 
dagger. 

The  second  order  comes  into  play 
wheu  the  hand,  reetiug  on  a  point  of 
support,  acts  as  the  fulcrum,  and  the 
triceps  pulling  on  the  olecraoon  is  the 
power  which  raises  the  humerus  upon 
which  is  fixed  the  body  or  weight 
(middle  diagram ). 

The  third  order  may  be  exemplified 
by  the  action  of  the  biceps  in  ordinary 
flexion  of  the  elbow.  Here  the  muscle, 
which  is  the  power,  is  placed  between 
the  fulcrum — represented  by  the  lower 
end  of  the  humerus — and  the  weight 
which  is  carried  by  the  hand  (lower 
diagram). 

The  various  groups  of  muscles,  which 
are  so  arranged  as  to  assist  each  other 
when  acting  together,  are  called  gyner- 
(/erfie,  and  those  which  when  contracting 
at  the  same  time  oppose  each  other,  are 
called  ardagonktic.  The  same  muscle.s 
may,  in  different  positions  of  a  joint  or 
iu  combination  with  other  difTereut 
muselci",  have  totally  dilferent  actions, 
at  one  time  being  synergetic  and  at 
another  ant-agonistic.  Thus  the  sterno- 
mastoid  muscle  may,  in  different  positions  of  the  head,  either 
bend  the  cranium  backward  or  forwards,  and  so  cooperate  with 
two  seta  of  muscles  which  are  definitely  antagonistic  to  one 
another. 

Joints. 

The  unions  between  the  bones  of  the  skeleton  are  very  varied 
in  function  and  character.     They  may  be  classified  as : 

1.  Sutures,  in  which  the  hones  are  firmly  united  by  rugged 
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eurfacee  without  the  ioterpoaition  of  &aj  cartilage.  They  are 
practically  only  the  lines  of  union  of  different  bones,  which  grow 
together  to  form  a  single  bone. 

2.  Symphyses,  iu  which  two  bony  substances  are  strongly 
cemented  together  by  ligaments,  and  a  more  or  less  thick  ad- 
herent layer  of  fibro-cartilage,  are  joints  allowing  of  some  move- 
ment, which  is,  however,  very  limited. 

3.  Arthrosis,  or  true  movable  joints,  such  as  are  commonly 
met  with  in  the  extremities.  They  are  characterized  by  a  syno- 
vial sac  lining  the  surrouuding  ligaments,  aud  two  smooth  sur- 
faces of  cartilage  which  cover  over  the  bony  extremities  taking 
part  in  the  articulation,  and  form  what  are  called  the  articular 
surfaces.  The  synovial  sac  is  strengthened  by  a  loose  mem- 
branous covering — the  capsular  ligament  —  which  is  attached 
round  the  edge  of  the  cartilages  next  to  the  periosteum,  which 
here  ceases. 

The  articular  surfaces  are  always  in  exact  and  close  contact, 
being  pressed  together  by  the  following  influences:  (1.)  The 
elastic  tcusioii  and  tonic  contraction  of  the  surrounding  muscles, 
which  exert  considerable  traction  on  them.  (2.)  The  traction  of 
the  surrounding  ligitmeuts,  which  in  some  cases  holds  the  bones 
firmly  together,  no  matter  what  their  relative  positions  may  be. 
This  can  be  well  seen  iu  the  knee-joint,  in  which  a  comparatively 
small  number  of  the  ligaments  suffice  to  keep  the  articular  sur- 
faces in  contact.  (3.)  The  atmospheric  pressure  also  tends  to 
bold  the  bones  in  close  apposition,  as  may  be  seen  in  the  hip- 
joint,  which  is  not  easily  disarticulated,  eveu  when  all  the  sur- 
roimdiug  structures  and  the  ligaments  have  been  severed. 

The  synovial  joints  may  be  classified  according  to  the  form  of 
their  surfaces,  or  their  mode  of  motion,  as  follows : 

1.  Flat  articular  surfaces  held  together  by  a  short,  rigid  cap- 
sule, allowing  of  but  very  slight  gliding  movement ;  examples  of 
this  form  of  joint  are  to  be  found  in  the  tarsus  and  the  articular 
processes  of  the  vertebne. 

2.  Hinge  joints,  in  which  the  surfaces  are  so  adapted  that  only 
one  kind  of  motion  can  take  place.  A  groove-like  cavity  in  one 
bone  fits  closely  and  glides  around  the  axis  of  a  roller  on  the 
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Other  bone,  while  the  sides  of  the  joint  are  kept  tightly  together 
by  means  of  strong  lateral  ligaments.  Examples  of  this  form  of 
joint  are  to  be  found  between  the  phalanges  of  the  digits  and  at 
the  humero-ulnar  joint. 

3.  The  rotatory  hinge,  or  pivot  joint,  is  that  in  which  a  part 
moves  round  the  axis  of  a  bone,  instead  of  the  axis  of  rotation 
being  at  right  angles  to  both  bones,  forming  the  joint  as  in  an 
ordinary  hinge.  Such  joints  are  seen  at  the  bead  of  the  radius 
and  at  the  articulation  between  the  atlas  and  the  odontoid  pro- 
cess of  the  axis. 

4.  A  saddle-shaped  joint  is  a  kind  of  double-hinge,  in  which 
each  of  the  two  articulating  bones  form  a  partial  socket  and 
roller,  and  hence  there  are  two  axes  of  rotation  placed  more  or 
less  at  right  angles  one  to  the  other.  A  good  example  of  this 
kind  of  joint  occurs  between  the  thumb  and  one  of  the  wrist 
bones. 

5.  Spiral  articulations  are  modifications  of  the  hinge,  in  which 
the  surface  of  the  roller  does  not  run  "  true,"  but  becomes  eccen- 
tric, so  that  the  surface  of  the  roller  forms 
really  a  part  of  a  spiral  by  means  of  which 
the  bone  articulating  with  it  is  forced  away 
from  the  central  axis  of  rotation  and  be- 
comes jammed  as  if  stopped  by  a  wedge. 
The  best  example  of  this  is  the  knee.  In 
this  joint  the  axis  of  rotation  is  near  the 
posterior  surfaces  of  the  bones,  and  pasaes 
transversely  through  the  coudyles  of  the 
femur,  the  surfaces  of  which  form  an  arc, 
the  centre  for  which  corresponds  to  the  axis 
of  motion.  In  ordinary  flexiou  the  head  of 
the  tibia  moves  on  the  arc  around  the  axis 
80  as  to  partially  relax  the  lateral  ligament 
and  allow  of  some  rotation  on  the  axis  of 
the  tibia.  When  the  head  of  the  tibia  moves 
forwards,  in  extension,  it  becomes  wedged 
against  the  anterior  part  of  the  articular 
surface  of  the  femur,  which  presents  aa  eccentric  spiral-like  curve, 
departing  more  and  more  from  the  centre  of  rotation  as 
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Diagram  of  the 
action  of  the  knee- 
joint. — w=articnlar 
surface  of  femur,  B 
=3  til>ia  in  position  of 
extension.  P  =  tibia 
in  position  of  Sexion. 
c  =  centre  of  rota- 
tion. 
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ticular  surface  of  the  tibia  proceeda  forwards.  The  effect  of  this 
is,  that  in  extension  of  the  leg  the  ligaments  are  made  tense,  and 
the  bones  are  firmly  locked  together.  Owing  to  the  inequality 
between  the  size  of  the  internal  and  external  condyles  the  axis 
of  rotation  is  not  at  right  angles  to  the  axis  of  the  femur,  but  is 
at  such  an  angle  that  extreme  extension  causes  also  a  slight 
amount  of  outward  motion  of  the  leg. 

6.  In  the  ball  and  socket  joints — the  name  of  which  implies 
their  mechanism — the  most  varied  movements  occur.  (.Hip  aud 
shoulder.) 

Standing, 

In  order  that  an  elongated  rigid  body  may  stand  upright  it  is 
only  necessary  that  a  line  drawn  vertically  through  its  centre  of 
gravity  should  j>a.ss  within  its  basis  of  support,  and  if  the  latter 
be  sufficiently  wide  the  object  will  remain  permanently  in  that 
position.  The  human  body  is,  however,  in  the  first  place  not 
rigid,  and  in  the  second  plac«  the  basis  of  support  is  too  small 
to  insure  a  sati-sfactory  degree  of  steadiness.  The  act  of  standing 
must,  therefore,  be  accomplished  by  the  action  of  certain  muscles, 
which  are  employed  in  preventing  the  different  joints  from  col- 
lapsing, and  in  so  balancing  the  various  parts  of  the  body  as  to 
keep  the  whole  frame  from  toppling  over. 

In  order  to  economize  muscular  energy  while  standing,  we 
must  lock  as  many  of  our  joints  as  possible,  and  thus  depend 
rather  on  the  passive  ligaments  than  upon  muscle  action  for  the 
rigidity  of  the  body.  With  this  object  we  are  taught  to  place 
the  heels  together,  turn  out  the  toes,  bring  the  legs  parallel  by 
approximating  them,  and  extending  the  knees  to  the  utmost,  to 
straighten  and  to  throw  back  the  trunk  so  as  to  render  tense  the 
anterior  hip  ligaments,  to  direct  the  face  straight  forwards  so  as 
to  balance  the  head  evenly,  and  to  let  the  arms  fall  by  the  sides. 

In  this  position,  ns  a  soldier  stands  at  attention,  the  knee  and 
hip-joints  remain  fixed,  without  any  effort  on  the  j>art  of  the 
muscles,  but  it  is  far  from  being  the  most  comfortable  attitude 
one  can  assume  for  prolonged  standing,  and  hence  the  position 
known  best  by  the  order  "  stand  at  ease  "  is  adopted  if  more  com- 
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plete  rest  is  desired.  In  this  position  the  weight  of  the  body  is 
usuall)'  allowed  to  rest  on  one  leg  while  the  other  lightly  touches 
the  ground  to  form  a  kind  of  stay  and  relieve  the  muscles  which 
surround  the  supporting  ankle  from  too  great  an  effort  of  bal- 
ancing. At  the  same  lime  the  knee  is  extended  and  the  pelvis 
becomes  somewhat  oblique  so  as  to  bring  it  more  directly  over  the 
head  of  the  femur.  In  ordinary  easy  standing,  the  joints  are  not 
commonly  kept  locked  by  the  tension  of  the  ligamentous  struc- 
ture, but  their  position  is  constantly  being  very  slightly  altered 
80  as  to  vary  the  muscles  employed  in  preserving  the  balance  and 
thus  to  prevent  fatigue. 

The  joints  most  exercised  in  the  erect  posture  are  the  following: 

1.  The  aiiUe  has  to  support  the  weight  of  the  entire  body, 
while  the  joint  is  neither  flexed  nor  extended  to  its  utmost,  and 
cannot  be  fixed  in  this  position  by  Hgameutous  arraugements. 
The  foot,  being  placed  on  the  pround,  resting  on  the  heel  and  the 
balls  of  the  great  and  little  toes,  is  supported  iu  an  arch-tike  form 
by  strong,  though  clastic,  ligaments,  which  allow  but  little  motion 
in  the  numerous  joints.  The  bones  of  the  leg  can  move  in  the 
freest  way,  backwards  or  forwards,  around  the  articular  surface 
of  the  astragalus,  which  forms  the  roller  of  the  hinge,  any  lateral 
motion  of  which  is  prevented  by  the  malleoli.  The  line  passing 
through  the  centre  of  gravity  of  the  body  generally  falls  slightly 
iu  front  of  the  axis  of  rotation  of  the  ankle-joint,  so  that  the 
entire  body  tends  to  falls  forwards  at  the  ankles.  This  tendency 
is  cheeked  by  the  powerful  calf  muscles,  which,  attached  to  the 
calcaneum  by  means  of  the  strong  tendo  Achillis,  keep  the  parts 
iu  such  a  position  that  an  exact  balance  is  nearly  constantly 
kept  up. 

2.  The  knee-joint,  when  completely  extended,  requires  no  mus- 
cular action  to  prevent  it  from  bending,  because  the  line  of  grav- 
ity then  pas,ses  iu  front  of  the  axis  of  rotation,  and  the  weight  of 
the  body  (ends  to  bend  the  kuee  backwards.  This  is  impossible 
on  account  of  the  powerful  ligaments  which  exert  their  traction 
behind  the  axis  of  rotation.  Commonly,  however,  these  ligaments 
are  not  put  on  the  stretch  in  this  way,  but  the  joint  is  held,  by 
muscular  power,  in  such  a  position  that  the  line  of  gravity  passes 
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just  through,  or  very  slightly  behind,  the  axis  of  rotation  of  the 
joint,  80  that,  if  anything,  there  is  a  slight  tendency  for  the  knee 
to  bend.  This  is  completely  checked,  and  the  body  balanced  by 
the  powerful  extensor  muscles  of  the  thigh, 

3.  In  the  hif)  joinU,  mhich  have  to  support  Che  trunk  and  head, 
the  line  of  gravity  falls  just  behiud  the  line  uniting  the  joints  when 
the  person  is  perfectly  erect,  so  that  here  the  body  has  a  tendency 
to  fall  backwards.  This  is  prevented  by  the  strong  ilio-femoral 
ligament.  When,  however,  the  knee  is  not  straightened  to  the 
full  extent,  so  that  the  line  of  gravity  passes  through  or  a  little 
behind  the  axis  of  rotation  of  that  joint,  then  the  pelvis  is  very 
slightly  flexed  on  the  femora  so  that  the  axis  of  the  joints  lies 
exactly  in  or  a  little  behind  the  lineof  gravity, and  thus  the  body 
inclines  rather  to  fall  forwards.  This  tendency,  however,  is  pre- 
vented by  the  powerful  glutei  muscles,  which  also  enable  us  to 
regain  the  erect  posture  after  bending  the  trunk  forwards. 

The  motions  of  which  the  petnia&Dd  vertebral  column  are  capable 
are  too  slight  to  deserve  attention  here.  The  vertebral  column, 
wedged  in  as  it  is  between  the  two  innominate  bones,  may  be 
taken,  together  with  the  pelvis,  as  forming  a  very  yielding  and 
elastic,  but  practically  jointless,  pillar,  the  upper  part  of  which 
can  alone  be  bent  to  such  an  extent  as  to  require  mention  in  dis- 
cussing the  mechanism  of  station. 

The  individual  joints  between  the  cervical  vertebra  permit  but 
a  slight  amount  of  movement  when  taken  separately,  but  by 
their  aggregate  motion  they  enable  considerable  extension  and 
flexion  of  the  neck  to  take  place.  These  motions  follow  so  closely, 
and  are  so  inseparably  associated  with  those  of  the  head  on  the 
upper  vertebra,  that  there  is  no  need  to  consider  them  separately 
from  the  latter. 

The  ailmdo-occipilal  joints  admit  of  some  little  lateral  move- 
ment, but  that  iu  the  antero-posterior  direction  is  much  the  more 
important,  but  even  this  would  be  iusigniticant  were  it  not  asso- 
ciated with  the  movements  between  the  other  cervical  vertebrte. 

The  cranium  has  then  to  be  balanced  on  the  top  of  a  flexible 
column,  and  rests  immediately  in  a  kind  of  socket,  which  can 
move  as  a  double  hinge  around  two  axea  at  right  angles  one  to 
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the  other.  The  vertical  line  from  the  centre  of  gravity  of  the 
cranium  must  vary  vith  every  forward,  backward,  or  lateral 
movement  of  the  head  or  neck,  but  in  the  erect  posture  it  passes 
a  little  in  front  of  the  axis  of  rotation  of  the  atlanto-occipital  joint 
and  somewhat  behind  the  curve  of  the  cervical  vertebrse,  so  that 
the  head  may  be  said  to  be  poised  on  the  apex  of  the  vertebral 
column,  with  some  tendency  to  fall  forwards.  There  are  no 
ligamentous  structures  which  can  lock  the  joints  so  as  to  keep 
the  head  in  the  erect  position  ;  therefore  without  the  aid  of  mus- 
cular force  the  bead  will  fall  forwards  or  backwards,  according 
to  the  position  it  is  in  when  the  muscles  become  relaxed  as  in 
sleep. 

From  the  foregoing  facts  it  will  be  seen  that  there  exists  a  kind 
of  coordinated  antagonism  at  work  in  ordinary  easy  standing 
which  keeps  the  elaslic  pliable  body  upright,  without  the  rigidity 
adopted  when  standing  "at  attention."  The  muscular  action  is 
more  exercised  when  we  are  not  on  steady  ground  and  varied  co- 
ordination becomes  necessary ;  for  instance  when  we  po  on  board 
ship  for  the  first  time.  Statiou  then  takes  some  little  time  to  be- 
come perfected,  and  requires  new  associations  of  movement.  The 
gastrocnemius  and  soleua  relax  the  ankle  in  a  degree  just  propor- 
tionate to  the  amount  of  flexion  of  the  knee  permitted  by  the 
quadriceps  extensor  cruris,  while  simultaneously  the  great  gluteal 
muscle  allows  the  body  to  iucliue  forwards  so  as  to  keep  its  cen- 
tre of  gravity  in  the  proper  relation  to  the  basis  of  support. 

Walking  and  Running. 

The  common  act  of  progr&saion  is  accomplished  by  poising  the 
weight  of  the  body  alternately  on  one  leg — called  the  supporting 
limb— and,  with  the  other — the  pendulous  limb — tilting  the  body 
forwards  out  of  equilibrium,  and  then  swinging  the  latter  limb 
forwards  and  placing  it  in  front  so  as  to  prevent  the  body  falling 
forwards.  In  its  turn  this  then  becomes  the  supporting  leg.  The 
swinging  leg  is  describe*!  as  having  two  phases  (1)  active  while 
pushing  off  from  the  ground,  and  (2)  passive,  white  swinging  for- 
wards like  a  ]>eDdulum.  In  starting  one  foot  is  placed  behind 
the  other,  so  that  the  line  of  gravity  lies  between  the  two,  the 
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hindmost  limb  having  the  ankle  and  knee  a  little  bent.  By  sud- 
denly straightening  these  joints  it  gives  a  "  push  off"  with  the 
toes  and  propels  the  body  forward  so  as  to  move  it  around  the 
axis  of  motion  of  the  fixed  or  supporting  ankle-joint.  At  the  end 
of  the  swing  the  pendulous  leg  comes  to  the  ground  and  leaves 
the  other  limb  in  the  attitude  ready  for  the  push  off.  Thus  on 
level  ground  walking  is  carried  on  with  but  small  muscular  exer- 
cise ;  but  in  ascending  a  steep  incline  or  going  up  stairs,  the  sup- 
porting limb  has  to  elevate  the  body  at  each  step  by  extending 
the  knee  and  ankle-joints  by  the  thigh  extensors  and  the  calf 
muscles. 

Bunning  is  distinguished  from  walking  by  the  fact  that,  while 
in  the  latter  both  feet  rest  on  the  ground  for  the  greater  part  of 
each  pace,  in  the  former  the  time  that  either  foot  rests  on  the 
ground  is  reduced  to  a  minimum,  and  in  fact  the  supporting  limb 
disappears.  The  legs  are  kept  iti  a  semi-flexed  p<}sition  ready  for 
the  push  off  or  spring,  which  is  so  forcibly  carried  out  that  the 
body  is  propelled  through  the  air  without  any  support.  Thus  an 
interval — of  greater  or  less  duration  according  to  the  pace — exists 
during  which  both  the  feet  are  off  the  ground,  as  the  moment 
either  foot  comes  to  the  ground  it  executes  a  new  spring  without 
waiting  for  the  pendulous  swing  described  in  walking. 


CHAPTER  XXVir. 


VOICE  AND  SPEECH. 


Thk  htiman  voice  is  produced  by  au  expiratory  blast  of  air 
being  forced  tlirough  the  narrow  opening  at  Uie  top  of  the  wind- 
pipe called  the  glottis.  This  glottis,  which  lies  in  the  lower 
part  of  the  larynx,  is  bounded  on  each  side  by  the  edges  of  thin, 
elastic,  membranous  folds  that  project  into  the  air-passages. 
The-se  membranous  folds',  called  the  vocal  cords,  are  set  vibrating 
by  the  current  of  air  from  below,  and  in  turn  communicate  their 
vibrations  as  sound  to  the  air  in  the  air-passages  situated  above 
them. 

Anatomical  Sketch. 

The  vocal  apparatus  is  really  a  musical  in.itrument  of  the  reed- 
pipe  kind.  If  we  compare  it  with  the  pipe  of  an  organ,  we  find 
all  the  parts  of  the  latter  represented.  The  lungs  within  the 
moving  thorax  act  as  the  bellows.  The  bronchi  and  trachea  are 
the  supply  pipes  and  air  box.  The  vocal  cords  are  the  vibrating 
tongues  ;  while  the  larynx,  pharynx,  mouth,  and  nose,  act  as  the 
accessory  or  resonating  pipes.  The  blast  of  air  is  produced  and 
regulated  by  the  respiratory  muscles  ;  and  special  intrinsic  mus- 
^H  cles  of  the  larynx  change  the  condition  of  the  vocal  cords  so  as  to 

^H  alter  the  pitch  of  the  notes  produced.  Other  sets  of  muscles,  by 
^H  altering  the  condition  of  the  resonating  pipes,  give  rise  to  many 
^^  modifications  in  the  vocal  tones,  and  thus  produce  what  is  called 

[    .  speech. 

^B  The  larynx,  which   may  bo  regarded  as  the  special  organ  of 

^^  voice,  is,  in  the  main,  made  up  of  four  cartilages,  viz.,  the  cricoid, 

I  thyroid,  and  two  arytenoids,  jointed  together  so  as  to  allow  of  con- 

I  siderable  motion.     Of  tha-se  the  inferior,  the  cricoid,  is  attached 
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to  the  trachea  which  it  joius  to  the  others.  It  formg  a  ring,  which 
is  thia  in  front,  but  deep  and  ihicic  behind,  owing  to  a  peculiar 
projection  upwards  of  its  posterior  part.  The  thyroid  consists  of 
two  side  wings  so  bent  as  to  form  the  greater  part  of  the  anterior 


Anterior  half  of  a  transverse  scvtion  ti>rough  the  larynx  near  ils  middle. 
More  18  cut  away  on  the  upper  part  of  the  right  side. — 1.  Upper  division  of 
tlie  laryngeal  cavity ;  2.  Central  portion ;  3.  Lower  portion  continued  into  4, 
trachea;  t,  epiglotlia;  e',  its  cushion  ;  (,  tliyroid  cartilage  seen  in  section. 
W,  true  vocal  cord  at  the  rima  glottidis;  «,  ventricle  of  larynx ;  •',  saccule. 
(A.  Thomson.) 


and  lateral  bouDdariea  of  the  voice  box,  and  can  be  felt  easily  in 
the  front  of  the  throat.  It  is  articulated  to  the  sides  of  the  cricoid 
by  its  two  inferior  and  posterior  extremities,  so  that  the  upper 
part  of  the  cricoid  cartilage  can  move  backwards  and  forwards. 


AMATOMT  OP  THE  LARYNX. 

Tb«  arytenoid  cartilages  are  little  three-sided 
pTramidal  masses  placed  on  the  upper  surfiice 
of  the  poeterior  part  of  the  cricoid,  to  which 
they  are  attached  by  a  loose  joint.  They  are 
so  placed  that  one  surface  looks  inwards,  the 
second  backwards,  and  tlie  third  forwards  and 
outwards,  while  the  inferior  surface  rides  on  the 
cricoid.  One  point,  therefore,  looks  forwards, 
and  to  it  is  attached  the  vocal  cord  on  each 
side,  hence  it  has  been  called  the  vocal  process. 
The  apex,  which  looks  outwards  and  back- 
wards, gives  attachment  to  some  of  the  in- 
trinsic muscles,  and  hence  has  been  called  the 
muscular  process. 

The  thyroid  cartilage  is  connected  with 
the  cricoid  below,  and  to  the  hyoid  bone 
above  by  ligaments  and  tough  membranes, 
which  hold  the  parts  together,  fill  in  the 
intervals,  and  complete  the  skeleton  of  the 
larynx. 

The  Tocal  cords  are  compoaed  of  small 
strands  of  elastic  tissue,  which  are  stretched 
between  the  anterior  processes  of  the  arytenoid 
cartilages  and  the  iufcrior  part  of  the  thyroid, 
where  they  are  attached  side  by  side  to  the 
posterior  surface  of  the  angle  formed  by  the 
junction  of  the  two  lateral  parts  or  alte  of  the 
thyroid.  The  mucous  membrane  which  lines 
the  larynx  is  thin,  and  closely  adherent  over 
the  vocal  cords.  The  surface  of  the  laryngeal 
cavity  is  smooth  and  even,  the  liniog  membrane 
passing  over  the  cartilages  and  mu.scles  so  as 
to  obliterate  all  ridges  except  the  vocal  cords 
and  two  others,  less  sharply  defined,  called  the 
false  vocal  cords,  which  lie  parallel  to  and 
above  the  true  vibrating  cords.  Between 
these  is  the  cavity  known  as  the  ventricle  of 
the  larynx. 


fm.  m. 


Three  diagrams 
taken  from  Inr^ngu- 
soopio  viewH  of  the 
superior  aperture  of 
the  Inry  nx,  showing 
the  position  of  the 
vocal  i-urtis  aiiij  the 
arytenoid  citrtilagw 
suppoHci!  to  he  Men 
in  transverse  sec- 
tion during  differ- 
cnt  actions  of  the 
larynx — A'.  Vocal 
chink  as  in  singing. 
a'  In  easy  quiet  in- 
halation of  air.    c'. 
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Methawism  of  Vocalizatios. 

Taking  the  thyroid  cartilage  as  the  fixed  base,  the  cricoid  and 
arytenoid  cartilages  undergo  movements  which  bring  about  two 
distinct  sets  of  changes  in  the  glottis  and  its  elastic  edges,  namely, 
(1)  widening  and  narrowing  the  opening;  1*2)  stretching  and  re- 
laxing of  the  Tocal  cords.  During  ordinary  respiration  the  glottis 
remains  about  half  open,  the  muscles  being  in  a  state  of  relaxa- 
tion (B').  During  forced  inspiration  the  glottis  is  widely  dilated 
by  muscular  action  (C).  If  an  irritating  gas  be  inspired,  the 
glotlix  is  tightly  closed  by  a  spasmodic  action  of  certain  muscles, 
eo  that  the  true  vocal  cords  act  as  a  kind  of  valve. 

During  vocalization  the  glottis  is  formed  into  a  narrow  chink 
with  parallel  sides  (A'),  while  the  cords  are  made  more  or  less 
tense,  according  to  the  pitch  of  the  note  to  be  produced ;  both 
these  changes  being  brought  about  by  muscular  action. 

The  opening  of  the  chink  of  the  glottis  is  accomplished  chiefly 
by  ft  muscle  called  the  posterior  crico-arytenoid,  which  passes  from 
the  posterior  surface  of  the  cricoid  cartilage  to  the  outer  and  poste- 
rior angle  of  the  arytenoids.  By  pulling  the  latter  point  down- 
wards and  backwards  it  separates  the  arytenoid  cartilages, 
particularly  at  their  anterior  extremity,  where  the  cords  are  at- 
tached. In  this  action  they  are  aided  by  a  small  muscle  con- 
necting the  posterior  surfaces  of  the  arytenoid,  namely,  the 
pofiterior  arytenoid,  which  tends,  when  the  two  arytenoid  cartilages 
are  held  apart,  to  rotate  them  so  that  the  vocal  processes  are 
separated. 

The  narrowing  of  the  glottis  is  executed  by  the  lateral  crico- 
arytenoids which  run  upwards  and  backwards  from  the  antero- 
lateral aspect  of  the  cricoid  to  the  muscular  processes  of  the  ary- 
tenoid cartilages.  They  pull  the  muscular  processes  forwards, 
and  thus  rotate  the  arytenoid  cartilages  so  as  to  approximate  the 
vocal  processes  to  one  another,  while  any  tendency  towards  pull- 
ing apart  the  bodies  of  the  cartilages,  owing  to  the  downward 
direction  of  the  muscle,  is  overcome  by  the  posterior  arytenoid 
muscle  and  those  muscular  bands  which  pass  from  the  posterior 
surface  of  the  arytenoid  cartilages  to  the  epiglottis  and  the  upper 
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FlO.  I9S. — tMagrmm  of  the  aide  riew  of  the  Urrnx  ahowiug  Uic  piMition 
of  the  vocal  corda  (»).  (Huxlev.) — Jr.  Arrtenoid  cm-liU),ni;.  //y-  Hyoid 
bone.  Th.  Thyroid  cartilage.  Or.  Cricoid  cartilage.  TV.  Trachcii.  C.tlk. 
Crico-thyroid  muscle.     Th.A.  Thyro-arylenoid  muscle.     J?;i.  R|ii(;li)lti!i. 

Flo.  199. — Diagram  of  the  opeaitig  of  the  laryui  from  aUive,  (lluxley.) 
— Th.  Thyroid  cartila);e.  (V.  Cricoid  c:irtil.ige.  -Iry.  S»|iorior  vxiremltiM 
of  ihe  arytenoid  cartilagem.  V.  Vocal  conls.  Th.A.  Thyrti-aryleiioid 
muscles.  Co./.  Lateral  crico-arytenoid  miwclo.  C.a.p,  I'oolerior  crico- 
arytenoid muscle.    Ar.p.  Posterior  arytenoid  muscle. 

constrictor  of  the  glottis.  Relaxnlioii  of  the  vociil  ctynlx  nwnm- 
panies  voluntary  closure  of  the  >;li>lti.><,  a»  in  holding  llio  l>r(^nth, 
when  the  false  vocal  cords  nw.  miid  to  hiivn  ii  vnlvulnr  notion, 
But  the  muscular  filires,  which  run  Cnini  the  urytcimiil  cnrlilnuM 
to  the  thyroid,  nearly  |iurulli-l  to  thc^  (run  vociil  corciH,  iirn  thoiio 
concerned  in  the  act  of  roluxutioii  when  iho  conU  am  acllvn. 
They  pull  forwards  the  arytenoid  (iiirlilagua,  nnil  nt  thn  winio  limn 
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draw  the  upper  part  of  the  cricoid  slightly  forwards.  Moreover, 
these  tnuecles  have  an  all-important  action  in  adapting  the  edges 
of  the  cords  and  the  neighboring  surfaces  to  the  exact  shape  most 
advantageous  to  their  vibration. 

The  stretching  of  the  vocal  cords  i*  caused  by  the  contraction 
of  one  muscle,  the  crico-thyroid,  which,  on  the  outer  side  of  the 
larynx,  passes  downwards  and  forwards  from  the  lower  part  of 
the  thyroid  to  the  anterior  part  of  the  cricoid  cartilage.  It  thus 
pulls  the  anterior  part  of  the  cricoid  cartilage  upwards,  causing 
it  to  rotate  round  an  axis  passing  through  its  thyroid  joints.  The 
upper  part  of  the  cricoid,  which  carries  the  arytenoids,  is  thus  re- 
moved from  the  anterior  attachnient  of  the  vocal  cords,  and  the 
membranes  are  put  on  the  stretch. 

The  requirements  necessary  for  the  production  of  voice  are  the 
following  : 

1.  Perfect  elasticity  and  clearness  of  edge  of  the  vocal  cords, 
and  freedom  from  all  surface  irregularity,  such  as  would  be  caused 
by  thick  mucus  adhering  to  them,  or  any  abnormality. 

2.  The  cords  must  be  very  accurately  adjusted,  closely  approxi- 
mated together,  and  kept  parallel,  almost  touching  each  other 
evenly  throughout  their  entire  length. 

3.  The  cords  must  be  held  in  a  certain  degree  of  tension,  or  the 
vibration  does  not  produce  any  vocal  tone,  but  simply  a  raucous 
noise. 

4.  The  air  must  be  propelle<l  through  the  glottis  by  a  forced 
expiration.  The  normal  expiratory  current  is  too  gentle  to  give 
the  necessary  vibration.  After  the  operation  of  tracheotomy,  the 
air  escapes  through  the  abnormal  opening,  and  sufficient  pressure 
cannot  be  brought  to  bear  on  the  cords,  so  no  vocal  sound  can  be 
produced,  and  the  person  speaks  in  a  whisper,  unless  the  exit  of 
air  through  the  tracheotomy  tube  is  prevented  by  placing  the  fin- 
ger temporarily  upon  the  opening. 


Pbopebtieb  of  the  Huhaj?  Voice. 


^^P  In  the  voice  we  can  recognize  the  same  properties  as  are  noted 

f  in  other  kinds  of  sound.     These  are  quality,  pitch  and  intensity. 

1  (1.)  The  quality  of  vocal  sounds  is  almost  endless  in  variety, 

^  
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aa  is  shown  hy  the  vocal  capabilities  of  difTereat  individuals. 
The  quality  of  tone  of  any  musical  sound  depends  upon  the  rela- 
tive power  of  the  fundamental  note,  and  of  the  overtones  that 
accompany  it.  The  less  disturbed  the  fuudamental  notes  are  by 
overtones,  the  clearer  and  better  is  the  voice.  This  difference  in 
quality  of  the  human  voice  depends  upon  the  perfectness  of  the 
elasticity,  the  relation  of  thickness  to  length,  surface  smoothness, 
and  other  physical  conditions  of  the  cords  themselves,  aad  the 
exactitude  with  which  the  muscles  can  adapt  the  surfaces.  For 
ginging  welt,  much  more  is  necessary  than  good  quality  of  tone, 
which  is  common  enough.  The  muscles  of  the  larynx,  thorax, 
and  mouth  must  be  all  educated  to  an  extraordinarily  high  degree. 

(2,)  The  pitch  of  the  notes  produced  in  the  larynx  depends 
upon — first,  the  absolute  length  of  the  vocal  cords.  This  varies 
with  age,  particularly  in  males,  whose  vocal  organs  undergo  rapid 
growth  at  puberty,  when  the  voice  is  said  to  crack.  The  vocal 
cords  of  women  have  been  found  by  measurement  to  be  about 
one-third  shorter  than  those  of  men,  and  people  with  tenor  voices 
have  shorter  cords  than  basses  or  baritones.  Secondly,  on  the 
tension  of  the  cords :  the  tighter  the  vocal  cords  are  drawn  by 
the  crico-tbyroid  muscles,  the  higher  the  notes  produced ;  and  the 
well-known  singer  Garcia  believed  he  observed  with  the  laryn- 
goscope the  vocal  processes  so  tightly  pressed  together  as  to  im- 
pede the  vibration  of  the  posterior  part  of  the  cords,  and  by  this 
means  they  could  be  voluntarily  shortened. 

(3.)  IiUetmty  or  loudness  of  the  voice  depends  solely  on  the 
strength  of  the  current  of  air.  The  more  powerful  the  air-blast 
the  greater  amplitude  of  the  vibrations,  and  hence  the  greater 
the  sound  produced.  The  narrower  the  chink  of  the  glottis,  and 
the  tighter  the  parallel  cords  are  stretched,  the  less  is  the  amount 
of  air  and  the  weaker  is  the  blast  required  to  set  them  vibrating; 
and  vice  verm,  the  looser  the  cords  and  the  wider  apart  they  are, 
the  greater  the  volume  and  the  force  of  the  air-current  necessary 
for  their  complete  vibration.  Hence  it  is  that  an  intense  vibra- 
tion or  loud  note  can  be  produced  much  more  easily  with  notes 
of  a  high  pitch  than  with  very  low  notes,  and  we  find  singers 
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choosing  for  their  telling  cretcendo  some  note  high  up  in  the  range 
of  their  voice. 

The  human  voice,  including  all  kinds  of  voice,  extends  over 
about  three  and  a  half  octaves.  Of  this  wide  range  a  single  in- 
dividual can  seldom  sing  more  than  two  octaves.  The  soprano, 
alto,  tenor,  and  bass  form  a  descending  series,  the  range  of  each 
one  of  which  considerably  overlaps  the  next  io  the  scale. 

During  the  ordinary  vocal  sounds,  the  air,  both  in  the  resonat- 
ing tubes  above  the  larynx  and  in  the  windpipes  coming  from 
below,  is  set  vibrating,  so  that  the  trachea  and  bronchi  act  as 
resonators  as  well  as  the  pharynx,  mouth,  etc.  This  may  be  rec- 
ognized by  placing  the  hand  on  the  thorax,  when  a  distinct 
vibration  is  communicated  from  the  chest-wall.  Such  tones  are, 
therefore,  spoken  of  as  chest  notes.  Besides  the  chest  tones  of 
the  ordinary  voice,  we  can  produce  notes  of  a  higher  pitch  and 
a  different  quality,  which  are  called  bead  notes,  since  their  pro- 
duction is  not  accompanied  by  any  vibration  of  the  chest-wall. 
The  physical  contrivance  by  means  of  which  this  falsetto  voice  is 
brought  about  is  not  very  clearly  made  out.  The  following  are 
the  more  probable  views:  (1)  It  has  been  suggested  that  io 
falsetto  only  the  thin  edges  of  the  cords  vibrate,  the  internal 
thyro-arytenoid  muscles  keeping  the  base  of  the  cord  fixed;  while 
with  chest  tones  a  greater  surface  of  the  cord  is  brought  into 
play.  (2)  The  cords  are  said  to  be  wider  apart  in  falsetto  than 
in  chest  notes,  and  hence  the  trachea,  etc.,  ceases  to  act  as  a  reso- 
nator. (3 )  Or  the  cords  may  be  arranged  so  that  only  one  part 
of  them,  the  anterior,  can  vibrate,  and  thus  they  act  as  shortened 
cords,  a  "  stop"  being  placed  on  the  poiut  where  the  vibrations 
cease,  by  the  internal  thyro-arytenoid  muscle. 

The  production  of  a  falsetto  voice  is  distinctly  voluntary,  and 
b  probably  dependent  upon  some  muscular  action  in  immediate 
relation  to  the  cords,  for  it  is  always  associated  with  a  sensation 
of  muscular  exertion  in  the  larynx  as  well  as  with  changes  that 
take  place  in  the  conformation  of  the  mouth  and  other  resonat- 
ing tubes. 
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Nervous  Mechanism  of  Voice. 

The  Derrous  mechanism  by  means  of  which  vocal  souuda  are 
produced  is  among  the  most  completely  coordinated  actions  that 
regulate  muscular  movements. 

Like  respiration,  vocalization  at  first  seems  a  simple  voluntary 
act,  80utid8  of  various  kinds  being  produced  at  the  command  of 
the  will  of  the  individual.  No  doubt  the  respiratory  muscles, 
which  work  the  bellows  of  the  voice  organ,  are  under  the  control 
of  the  will  so  long  as  the  respiration  is  not  interfered  with.  Tiie 
mouth  and  throat  rausclea  which  shape  the  resonating  Lube  are 
also  voluntary.  But  the  intrinsic  muscles  of  the  larynx  are  only 
voluntary  in  a  certain  sense,  while  in  another  they  are  distinctly 
involuntary,  as  may  be  seen  in  spasm  of  the  larynx  ;  for  they 
are,  in  part  at  least,  controlled  by  impulses  which  arise  at  the 
organ  of  hearing  and  pass  to  some  coordinating  centre,  which 
arranges  the  finer  muscular  movements  necessary  to  produce  a 
certain  note.  When  we  sing  any  note  struck  on  a  musical  instru- 
ment, we  set  the  expiratory,  mouth,  and  general  vocalizing  mus- 
cles in  readiness  for  the  proper  application  of  the  air  blast  by  a 
voluntary  act;  but  the  exact  tuning  of  the  vocal  cords  is  accom- 
plished in  some  measure  reflesly  by  impulses  coming  from  the 
ear  to  a  special  coordinating  centre,  the  education  of  which  is 
coraraonly  in  advance  of  the  volition  centres,  and  therefore  can 
only  be  controlled  by  the  latter  in  persons  specially  educated  to 
music.  Some  persons  who  can  sing  a  given  note  with  promptness 
and  exactitude  without  any  effort,  would  find  much  difficulty  in 
overcoming,  by  volition,  the  accuracy  of  this  perfect  reflex  mech- 
anisin.  In  fact,  a  person  with  a  good  ear  finds  it  difficult  to  sing 
out  of  tune,  even  if  he  try. 

Though  we  feel  that  we  have  command  over  the  pitch  of  our 
sound-producing  organ,  we  owe  much  to  the  aid  of  our  sound- 
appreciating  organs  and  the  nerve  centres  which  they  have  in 
connection  with  them. 

Speech. 

The  variations  in  vocal  sounds  which  give  rise  to  speech  are  not 
produced  in  the  larynx,  but  in  the  throat,  mouth,  and  nose.   When 
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unaccoinpaDied  by  any  vocal  sound,  speech  only  gives  rise  to  a 
whisper;  but  when  a  vocal  tone  is  at  the  same  time  produced, 
we  have  the  ordinary  loud  speaking.  Since  vocal  tones  can  only 
be  produced  by  expiration,  so  we  can  only  speak  aloud  by  means 
of  an  expiratory  current  of  air ;  but  an  inspiratory  current  may 
be  made  to  give  rise  to  a  kind  of  whisper. 

Speech  is  composed  of  two  kinds  of  sounds,  in  one  of  which  the 
sounds  must  be  accompanied  by  a  vocal  tone,  and  are  hence  called 
"  vowels;"  in  the  other  no  vocal  tone  is  necessary,  but  changes  in 
shape  take  place  in  the  resonating  chambers,  so  as  to  give  rise  to 
noises  called  consonants.  As  the  pronunciation  of  the  consonants 
is  usually  accompanied  by  some  vowel  sound,  and  further  from 
the  fact  that  the  difference  between  the  vowels  is  brought  about 
by  changes  in  the  shape  of  the  mouth,  the  distinction  between 
the  two  sets  of  sound  is  rather  artificial  than  real. 

The  production  of  the  different  vowel  sounds  depends  upon 
such  a  change  being  brought  about  iu  the  shape  of  the  mouth 
cavity  and  aperture,  that  a  resonator  with  a  different  individual 
note  is  formed  for  each  particular  vowel. 

The  sounds  called  consonants  are  caused  by  some  check  or  im- 
pediment being  placed  in  the  course  of  the  blast  of  air  issuing 
from  the  air-passages.  They  may  bo  classified,  according  to  the 
part  at  which  the  obstruction  occurs,  as  follows: 

1.  LabiaU,  when  the  narrowing  takes  place  at  the  lips,  as  in 
pronouncing  b,  p,f,  v. 

2.  DentaU,  when  the  tongue  causes  the  obstruction  by  being 
pushed  against  the  hard  palate  or  the  teeth,  as  in  t,  d,  a,  I. 

3.  GuUuraU,  wheu  the  posterior  part  of  the  tongue  moves  to- 
wards the  soft  palate  or  pharynx,  as  in  saying  k,  g,  gh,  eh,  r. 

Consonants  may  also  be  divided  into  different  groups,  accord- 
ing to  the  kind  of  movements  which  give  rise  to  them. 

1.  Explosives  are  produced  by  the  sudden  removal  of  the  ob- 
struction, as  with  p,  d,  h. 

2.  Aspirates  are  continuous  sounds  caused  by  the  passage  of  a 
current  of  air  through  a  narrow  opening,  which  may  be  at  the 
lips,  as  in/,  at  the  teeth  as  with  «,  or  at  the  throat  as  in  eh. 
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3.  Iteaonant$  are  the  sounds  which  require  some  resonance  of 
the  vocal  cords,  and  the  air  current  is  suddenly  checked  by  clos- 
ure of  the  lips,  as  in  m,  or  the  dental  aperture  as  in  n  or  ng. 

4.  Vibratory,  of  which  r  is  the  example,  requires  a  peculiar 
vibration  of  the  vocal  cords,  while  either  the  dental  or  the  gut- 
tural aperture  is  partially  closed. 


CHAPTER  XXVIII. 
GENERAL  PHYSIOLOGY  OF  THE  NERVOUS  SYSTEM. 

Anatomical  Sketch. 

The  nervous  system  is  the  apparatus  by  which  the  distant  parts 
of  the  body  are  kept  in  constant  relationship  with  one  another, 
so  that  a  change  of  state  of  any  one  organ  is  communicated  to 
and  may  set  up  corresponding  changes  in  remote  parts  of  the  sys- 
tem. It  is  made  up  of  two  varieties  of  tissue,  both  of  which  pos- 
sess special  vital  properties.  The  one,  which  is  composed  of  thread- 
like strands  of  protoplasm — nerve  fibres — connect  together  the 
elements  of  the  other  group,  the  nenv  corputclet,  which  form 
either  peripheral  or  central  terminals.  Nerve  fibres  are  then 
simply  special  conducting  agents,  having  at  one  extremity  a  spe- 
cial terminal  or  nerve  cell  for  sending  impulses,  and  at  the  other 
extremity  other  cells  for  receiving  the  same.  These  terminal 
organs,  between  which  the  nerve  fibres  pass,  are  the  agents  which 
determine  the  direction  the  impulse  is  to  travel  along  the  nerve. 
The  sending  organ  is  sometimes  at  the  peripheral  end  of  the  nerve, 
and  the  receiver  in  the  nerve  centres,  as  in  the  case  of  an  ordinary 
cutaneous  nerve,  which  carries  impulses  from  the  skin  to  the 
brain ;  or  these  duties  of  the  terminal  organs  may  be  reversed, 
as  in  the  case  of  the  nerves  conveying  impulses  from  the  braiu 
to  the  muscles. 

The  former  kind  of  nerves  are  called  afferent  or  eentripeial,  and 
the  latter  efferent  or  centrifugal.  Nerves  are  capable  of  carrying 
impulses  in  either  direction,  as  has  been  proved  by  cutting  the 
afferent  lingual  and  the  efferent  hypoglossal  nerves,  and  causing  - 
the  proximal  end  of  the  former  to  unite  with  the  distal  end  of  the 
latter,  which  is  distributed  to  the  muscles  of  the  tongue.  When 
the  union  has  taken  place  a  stimulus  applied  on  the  efierent  por- 
tion causes  the  muscles  to  move. 
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Adj  piece  of  protoplasm  can  coaduct  impulses,  as  is  seen  in  the 
rapid  traDBmiesion  of  an  impulse  in  animals  and  textures  wtiich 
have  no  special  conducting  elements  or  nerve  fibres.  Thus  in  the 
hydra  all  the  cells  act  as  nerves,  and  in  the  higher  auiruiils  au  im- 
pulse, producing  a  wave  of  cuniractiou,  can  pass  on  from  one  muscle 
cell  to  the  other  directly,  as  is  seen  in  the  ureter,  or  iu  the  frog's 
heart.     The  only  essential  part  of  a  nervous  conductor  is  a  deli- 
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1  li ..  ".'iM,  i  1  iylily  magnified  view  of  three  raedutlated  and  twonon-mednl- 
lated  nerve  libres  of  frog,  stained  with  osniie  acid,  wliicli  niakm  tlio  medul- 
lary sbeatli  l)laclc.  N.  Nodes  of  Ranvier — where  the  axis  cylinder  can  be 
seen  to  pass  the  gap  in  the  me<lullary  sheath. 

Fig.  201. — Transverse  section  of  uerve  fibres,  showing  the  axis  cylinders 
cut  across,  and  looking  like  Jota  surrounded  by  a  clear  zone,  which  is  the 
medullary  sheath.     Fine  connective  tissue  separates  the  fibres  into  bundles. 

cate  protoplasmic  fibril.  Single,  thin,  thread-like  fibrils  are  com- 
monly found  carrying  impulses  in  the  nerve  centres.  But  in  the 
nerves  distributed  about  the  body  one  does  not  meet  these  single 
protoplasmic  threads  (except  where  the  fibrils  are  interwoven  to 
form  terminal  networks,  as  seen  in  the  cornea),  but  the  fibrils  are 
clustered  together  in  large  bundles,  so  as  to  make  one  nerve  fibre. 
This  bundle  of  protoplasmic  fibrils  is,  in  the  peripheral  nerves, 
always  covered,  and  is  called  the  axis  cylinder  of  the  nerve  fibre. 
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In  8ome  nerve  fibres  there  is  but  one  very  thin,  transparent  cov- 
ering, termed  the /)nmt<it'e  sheath,  while  in  others  there  is  a  thick 
lajer  of  doubly-refracting  fluid  inside  the  primitive  sheath,  in 
immediate  contact  with  the  fibrils  of  the  axis  cylinder.  This  is 
called  the  iwdullary  sheath,  or  white  substance  of  Schwann,  be- 
cause its  peculiar  refractive  properties  make  it  look  white  when 
viewed  in  a  direct  light.  According  as  the  nerves  have  or  have 
not  this  medullary  sheath,  they  have  been  termed  "white"  or 
"gray."  The  former  are  by  far  the  most  plentiful,  since  they 
make  up  the  greater  part  of  the  ordinary  nerves,  while  the  gray 
fibres  only  predominate  in  the  sympathetic  nerve  and  its  ramifi- 
cations and  parts  of  the  special  sense  organs. 

An  ordinary  nerve,  then,  is  made  up  of  a  large^number  of  fibres 
held  together  by  connective  tissue,  and  each  of  the  fibres  contains 
a  vast  number  of  fibrils  within  its  sheath. 

FtTHcrrioNAL  Classification. 

Nerve  fibres  may  be  classified  according  to  their  function,  in 
the  following  way : 

I.  Afferent  nervet,  those  which  bear  impulses  from  the  surface 
to  the  nervous  centres.     These  may  be  further  divided  into : 

(o.)  Sensory  nervet.  when  the  impulse  they  convey  gives  rise  to 
a  "  perception."  The  perceptions  may  be  the  special  sensations 
which  are  transmitted  from  the  organs  of  special  sense,  or  those 
of  general  sensation,  giving  rise  to  pleasure  or  pain. 

(b.)  Reflex  nerves,  which  communicate  the  impulse  to  some 
other  nerve  elements,  and  thus  give  rise  to  some  new  forces,  with- 
out any  perception  of  the  stimulus.  According  to  the  result  of 
the  excitation  resulting  from  their  reflected  impulse  they  are 
termed — excito-motor,  excito-secretory,  and  excito-inhibitory,  etc. 

(e.)  Those  nerves  which  act  both  as  sensory  and  reflex  nerves ; 
these  are  the  most  numerous,  the  sensory  or  reflex  action  depend- 
ing upon  the  condition  of  the  nerve  centres. 

II.  Efferent  nerves,  which  carry  impulses  from  the  centres  to 
the  various  organs  throughout  the  body.  According  to  the  effect 
their  excitation  produces  they  are  termed ;  (a)  motor,  going  to 
muscles  and  causing  them  to  contract ;  (/?)  secretory,  the  stimula- 
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tion  of  which  calls  forth  the  activity  of  a  glaod :  (y)  inhibitory, 
when  they  check  or  prevent  some  activity  by  the  impulses  which 
they  carry  ;  (<5)  vasomotor  nerves,  which  regulate  the  contraction 
of  the  muscular  coat  of  the  bloodvessels  ;  {t)  irophic,  thermie,  efec- 
fne  nerves  are  also  to  be  named,  the  two  former  being  of  doubtful 
existence,  and  the  latter  being  only  found  in  those  animals  which 
are  capable  of  emitting  electric  discharges,  such  as  the  electric 
fishes. 

III.  Tntercentral  nervet  are  those  which  act  as  bonds  of  union 
between  the  several  ganglion  cells  of  the  nervous  centres,  which 
are  connected  in  the  most  elaborate  manner,  one  with  the  other. 
As  the  terminals  of  these  fibres  are  both  probably  receiving  and 
directingagents,  the  delicate  strands  of  protoplasm  communicating 
between  them  probably  convey  impulses  in  different  directions, 
but  of  this  we  can  have  no  definite  idea,  although  such  a  supposi- 
tion would  aid  us  in  forming  a  mental  picture  of  the  manner  in 
which  the  wonderfully  complete  intercentral  communications  are 
accomplished. 

Mode  of  Investigation. 

In  order  to  investigate  the  functions  of  the  different  nerves  a 
knowledgeof  their  central  connections  and  their  peripheral  distri- 
bution ia  necessary.  But  anatomical  knowledge,  however  perfect^ 
does  not  convey  an  adequate  notion  of  their  function,  as  may  be 
amply  seen  from  deductions  made  by  anatomists,  many  of  which 
have  not  borne  experimental  testa. 

The  procedure  adopted  in  testing  the  function  of  a  nerve  is  the 
following.  The  nerve  is  exposed  and  cut,  and  it  is  observed 
whether  there  be  any  loss  of  sensation  or  muscular  paralysis  in 
the  parts  to  which  it  passes.  The  cut  ends  are  then  stimulated, 
and  the  results  are  observed.  The  end  of  the  part  connected  with 
the  centres  is  spoken  of  as  the  central  or  proximal  end,  and  that 
belonging  to  the  part  leading  to  the  distribution  of  the  nerve,  is 
called  the  peripheral  or  distal  end.  If  the  nerve  be  purely  motor, 
stimulation  of  the  proximal  end  will  yield  no  result,  but  when  the 
distal  end  be  irritated,  active  movements  follow.  If,  on  the  other 
band,  it  be  a  sensory  nerve,  stimulation  of  the  distal  end  gives  no 
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result,  and  that  of  the  proximal  end  produces  signs  of  pain.  In 
a  compound  nerve  some  response  is  obtained  when  either  the  dis- 
tal or  proximal  end  is  irritated. 

Chemibtrt  of  Nerve-Fibbbs. 

The  axis  cylinder  of  nerves  is  probably  composed,  as  already 
mentioned,  of  protoplasm  ;  further  than  that  nothing  is  known  of 
its  chemical  properties.  The  medullary  sheath  yields  certain 
substances  which  are  related  to  the  fats,  and  can  be  extracted 
with  ether  and  chloroform.  Among  these  is  the  peculiar  com- 
pound nitrogenous  fat,  lecithin  containing  phosphorus,  also  cho- 
lesterin,  cerebrin,  and  kreatin. 

Electric  Propertieb  of  Nerves. 

Like  muscle,  nerves  may  be  regarded  as  having  a  state  of  rest 
and  a  state  of  activity,  but  the  two  states  are  not  obvious  in  the 
same  striking  way  as  they  are  in  muscle,  nor  do  we  know  much 
of  the  physical  properties  of  nerve.  While  at  rest,  however,  it 
shows  electric  phenomena  similar  to  those  which  have  already 
been  described  as  belonging  to  muscle  tissue.  These  electrical 
currents  are  contemporaneous  with  the  life  of  the  nerve,  and  they 
undergo  the  same  variation  as  occurs  in  muscle  when  the  nerve 
passes  into  the  active  stiitc ;  that  is,  when  it  transmits  an  impulse. 

The  so-called  natural  current  of  nerve  is  practically  the  same 
as  that  of  muscle,  passing  in  the  nerve  to  the  central  part  from 
the  cut  extremities  of  the  fibre ;  that  is  to  eay,  the  current  passes 
through  the  galvanometer  from  the  electrode  applied  to  the  mid- 
dle of  the  nerve  to  that  applied  to  the  extremity.  The  electro- 
motive force  of  a  small  nerve  is  much  less  than  that  of  a  muscle. 
In  a  frog's  sciatic  it  has  been  estimated  to  be  0.02  of  a  Daniell 
cell.  The  natural  current  of  the  frog's  nerve  is  said  to  increase 
in  intensity  in  proportion  to  the  increase  in  temperature  up  to 
about  20°  C,  after  which  it  decreases. 

Experiments  on  nerve  currents  must  be  carried  on  with  all  the 
precautious  mentioned  in  speaking  of  muscle  currents,  and  with 
the  non-polarizable  electrodes  there  figured  (page  445), 
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The  Active  State  of  Nerve-Fibres. 

Nerves  pass  into  a  state  of  activity  in  response  to  a  variety  of 
stimuli ;  their  changed  condition,  however,  cannot  be  readily 
recognized,  because  the  only  change  we  can  detect  in  the  nerve 
is  that  in  its  electric  state.  We  soon  know,  however,  when  a 
nerve  is  conducting  an  impulse,  if  it 'be  connected  with  its  terini- 
nait".  In  the.  case  of  a  nerve  bearing  impressions  from  the  skin 
to  the  nerve  centres,  we  get  evidence  of  a  sensation  being  felt,  aud 
when  the  nerve  is  motor — that  is.  bearing  impulses  from  the  cen- 
tres to  the  muscle.*?,  we  judge  of  the  state  of  activity  of  the  nerve  by 
means  of  the  muscle  contraction  which  it  brings  about.  For  all 
ordinary  experimental  purposes  we  use  the  nerve  of  a  frog  witii  the 
muscle  it  supplies  iutact.  This  nerve-muscle  preparation  is  com- 
monl)'  made  from  the  leg  of  a  frog,  the  sciatic  nerve  being  care- 
fully prepared  from  the  thigh,  while  the  gastrocnemius  is  cut  away 
from  all  its  attachments  except  that  to  the  femur,  wTiich  is  retained 
as  a  puint  of  fixation.  Id  fact,  the  same  method  as  is  used  for 
the  indirect  stimulation  of  muscle  is  employed  for  the  study  of  the 
excitability  of  nerve-fibres. 

Nebve  Stimuli. 
Besides  the  normal  physiological  impulse  which  comes  from 
the  cells  in  connection  with  the  uerve-fibres,  they  may  be  made  to 
pass  into  the  active  state  by  a  variety  of  stimuli,  diflering  little 
from  those  which  are  found  to  affect  muscle,  when  applied  directly 
to  that  tissue.     They  may  be  enumerated  as  follows : 

1.  Meehanieal  gtimulation.  Almost  any  mechanical  impulse, 
applied  to  any  part  of  a  nerve,  causes  its  excitation.  The  stim- 
ulus must  have  a  certain  degree  of  intensity,  and  have  a  definite, 
though  it  may  be  a  very  short,  duration.  If  mechanical  stimuli 
be  frequently  applied  to  a  nerve  in  the  same  place,  the  irritability 
of  the  part  b  soon  destroyed  ;  but  if  fresh  parts  of  the  nerve  be 
stimulated,  at  each  blow  the  nerve  passes  into  a  state  of  tetanusi 
as  shown  by  the  contraction  of  the  muscle  to  which  it  is  supplied. 

2.  Chemical  gtimulation.  First,  must  be  named  drying  of  the 
fibre,  whether  this  be  caused  by  ordinary  evaporation,  or  facil- 
itated with  blotting  paper,  exposure  over  sulphuric  acid,  or  the 
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addition  of  solutions  of  high  density,  such  as  syrup,  glycerin,  or 
strong  salt  solution.  Secondly,  strong  metallic  salts  or  acids 
irritate  nerves.  Thirdly,  alcohol  and  ether,  and  a  solution  of 
bile;  and  lastly,  even  weak  alkalies,  except  ammonia,  which  has 
no  effect  on  nerve,  although  it  acts  on  muscle  when  applied 
directly  to  that  tissue. 

3.  Thermic  stimxdation  occurs  when  sudden  changesare  brought 
about  approaching  either  of  the  extreme  temperatures  at  which  the 
nerve  can  act ;  i.e.,  near  5"  or  50°  C. 

4.  Electric  stimulation  is  by  far  the  most  important  for  physiolo- 
gists, being  the  most  delicate,  the  most  easily  applied  and  regu- 
lated, and  the  least  injurious  to  the  nerve  tissue.  As  was  men- 
tioned with  respect  to  muscle,  any  sufficiently  rapid  change  of 
intensity  in  an  electric  current  passing  through  a  nerve  causes  in 
it  the  molecular  changes  we  call  excitation,  as  evidenced  by  the 
muscle  contracting, and  the  natural  electric  currents  of  the  nerve 
undergoing  variation.  The  less  the  absolute  intensity  of  the  cur- 
rent, the  greater  the  effect  in  any  given  change  in  intensity 
causes.  The  muscle  of  a  nerve-muscle  preparation  contracts, 
when  a  weak  constant  current,  say  from  a  single  small  Daniell 
cell,  is  suddenly  allowed  to  pass  through  the  nerve.  This  is 
done  by  placing  a  part  of  the  nerve  in  the  circuit,  which  is  made 
complete  by  closing  a  key,  when  the  stimulation  is  to  be  ap- 
plied. This  form  of  stimulation  is  called  a  ma^trif/ iiAoc^.  While 
the  current  is  allowed  to  pass  through  the  nerve  no  effect  is  pro- 
duced if  the  battery  be  quite  constant.  On  breaking  the  circuit 
by  opening  the  key  the  current  suddenly  ceases,  and  another  con- 
traction occurs,  this  is  called  the  breaking  shock.  At  each  making 
and  breaking  of  the  constant  current  a  stimulus  is  applied  to 
the  nerve,  and  transmitted  to  the  muscle,  and  it  has  been  found 
that  a  weaker  current  suffices  to  bring  about  a  contraction  when 
applied  to  the  nerve,  than  when  it  is  applied  to  the  muscle 
directly. 

El  If  a  strong  constant  current  be  allowed  to  pass  through  a  con- 
PSerablc  length  of  a  nerve  for  some  little  time,  and  the  circuit  be 
then  suddenly  broken,  instead  of  a  single  contraction  tetanus  of 
the  muscle  results.     This  breaking  tetanus  (Rittcr's  tetanus)  is 
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easily  produced  when  the  positive  pole  or  anode  is  next  the  muscle. 
Sometiraes  in  particular  conditions  of  the  nerve,  and  with  certain 
strength  of  stimulutiou,  a  making  tetanus  also  occurs,  but  more 
rarely  and  only  when  the  negative  pole  is  next  the  muscle. 

When  a  constant  currenl,  such  as  we  getdirectly  from  a  Dauiell 
cell,  in  used,  (hat  part  of  the  nerve  between  the  stirauhiting  ptjinls 
through  which  the  current  passes  is  found  not  to  be  c<|ually  af- 
fected throughout  its  entire  length,  but  one  single  point  is  stimu- 
lated whence  the  impulse  spreads.  This  may  be  the  point  where 
either  of  the  poles  is  in  contact  with  the  nerve  ;  and  further,  a  dif- 
ferent pole  starts  from  the  stimulus,  according  as  the  circuit  is  made 
or  broken.  With  ii  ninklm/  shock  the  stimulation  takes  place  at 
the  negative  pole  or  cathode,  and  with  a  breaking  shock  at  the 
positive  pole  or  anode.  That  is  to  say,  the  point  where  the  current 
leaves  the  nerve  is  affected  at  the  make,  and  llie  point  where  the 
current  enters  the  nerve  is  afifected  at  the  break  of  the  current. 

It  has  also  boon  found  lhat,f)ther  things  being  equal,  the  making 
shock  is  a  more  ]>owerful  stimulus  than  the  breaking  shock ;  i.e., 
a  weak  current  will  eooner  cause  a  contraction  when  the  circuit 
is  made  than  when  it  is  broken. 

This  remarkable  fact  that  the  impulse  starts  from  the  anode  in 
a  breaking  shock  is  proved  by  means  of  the  breaking  tetanus ]\ist 
alluded  to.  It  has  been  found  that  when  the  positive  pole  or 
anode  is  next  to  the  muscle  the  breaking  tetanus  lasts  longer  and 
is  stronger  than  when  the  anode  is  placed  at  a  greater  distance 
from  the  muscle  than  the  cathode;  and  further,  when  the  anode 
ia  beyond  the  cathode  section  of  the  nerve  in  the  intrapolar  region, 
during  stimulation  the  tetanus  stops  it  at  once,  because  the  point 
from  which  the  stimulus  comes  is  thereby  cut  oil'  from  the  muscle. 
Section  has  no  effect  if  the  anode  be  next  the  muscle,  the  tetanus 
proceeding  in  a  normal  way,  on!y  the  inactive  pole  being  cut  away 
from  the  muscle.  That  the  stimulus  occurs  at  tlie  cathode  in  a 
making  current  may  also  be  demonstrated  by  the  fnct  that  it  takes 
a  certain  measurable  time  for  the  impulse  to  travel  along  the  nerve. 
If  then  the  cathode  be  placed  far  from  the  muscle  and  the  anode 
near  it,  the  contraction  after  a  breaking  shock,  when  the  stimulus 
Rtarta  from  the  anode,  will  occur  sooner  than  that  which  follows 
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the  making,  when  the  stimulus  starts  from  the  cathode,  because 
the  impulse  has  a  less  distance  of  nerve  to  traverse  io  the  former 
case. 

Id  ordioary  experiments  on  nerve,  a  constant  current,  i.e.,  one 
coming  directly  from  a  battery,  is  seldom  used,  because  there  is 
no  means  of  regulating  or  varying  the  strength  of  the  stimulation, 
and  it  is  not  convenient  to  make  and  break  the  current  in  order  to 
excite  the  tissue  continuously.  And  further,  the  more  rapid 
current  induced  in  one  coil  of  wire — the  secondary  coil — by  the 
making  ur  breaking  of  a  current  passing  through  another  coil — 
the  primary  coil — is  more  effective  and  suitable  for  physiological 
purposes.  The  strength  of  the  induced  current  being  approxi- 
mately in  inverse  proportion  to  the  square  of  the  distance  between 
the  two  coils — moving  the  secondary  away  from  the  primary  coil 
gives  a  ready  means  of  varying  and  regulating  the  strength  of 
the  stimulus  without  any  special  care  being  devoted  to  the  exact 
strength  of  the  element  used. 

Du  Bois  Reymond's  luductorium  is  the  instrument  commonly 
used  in  physiological  laboratories.  In  it  the  secondary  coil  can 
be  moved  away  from  the  primary  on  a  slide  which  is  graduated, 
and  the  primary  current  may  be  made  to  pass  through  a  magnetic 
interrupter  so  as  to  cause  a  rapid  succession  of  breaks  and  makes, 
and  thus  give  a  series  of  stimulations  one  after  another,  which  is 
necessary  in  order  to  produce  tetanus.  A  drawing  and  further 
description  of  the  instrument  will  be  found  at  p.  451. 

Velocity  of  Nerve  Force. 

It  has  already  been  stated  that  nerve  fibres  are  capable  of  con- 
ducting impulses  in  either  direction — from  or  to  the  nervous 
centres — the  position  and  the  character  of  the  terminal  organs 
determining  the  direction  in  which  the  nerve  force  usually  travels. 
In  the  ordinary  peripheral  nerves  there  are  generally  both  kinds 
^-efferent  and  afferent  fibres  carrying  impulses  in  different  direc- 
tions without  interfering  with  one  another. 

When  we  reflect  that  the  passage  of  an  impulse  along  a  nerve 
is  brought  about  by  a  molecular  change  in  the  axis  cylinder,  we 
are  at  once  struck  with  the  rapidity  with  which  impression'?  are 
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transmitted  from  one  part  of  the  body  to  another.  This  surprising 
velocity  is,  however,  only  relatively  great.  When  we  compare  it 
with  the  velocity  of  the  electric  current  or  of  light,  we  at  once  see 
how  incomparably  slower  the  rate  of  nerve  impulse  is,  and  that 
it  may,  with  more  advantage,  be  compared  with  rates  of  motion 
coniraouly  under  our  observation.  To  take  every -day  examples  : 
viz.,  nine  metres  per  second  is  about  as  fast  as  the  quickest  runner 
can  accomplish  his  100  yards;  race-horses  can  gallop  about  15 
metres  a  second  for  a  mile  or  so  :  a  mail  train  at  full  speed  travels 
at  about  30  metres  a  second,  and  the  velocity  of  nerve  force  baa 
been  estimated  to  be  in  cold-blooded  animals  27  metres  persecond  ; 
and  iu  man  about  33  metres  per  second.  So  that  the  intercom- 
munications between  man's  brain  and  the  various  parts  of  his 
body  only  travel  about  the  same  rate  as  an  express  train,  and 
about  twice  as  fast  as  the  quickest  horse  can  gallop. 

In  order  to  measure  the  rate  of  transmijtsion  of  nerve  force,  dif- 
ferent methods  may  be  employed ;  the  simplest  of  which  is  to  make 
a  muscle  draw  two  curves  one  over  the  other,  with  a  good  myo- 
graph such  as  described  in  Chapter  XVI.,  in  one  of  which  the 
stimulation  is  a]>plied  to  the  nerve  close  to  the  muscle,  and  in 
the  other,  as  far  as  possible  away  from  the  muscle.  The  diSerence 
in  leugtii  of  the  latent  period,  as  estimated  by  the  tuning-fork 
tracing,  corresponds  to  the  time  the  impulse  has  taken  to  travel 
along  the  part  of  the  nerve  between  the  two  points  of  stimulation. 

Utilizing  the  fact  that  the  extent  of  deflectiou  of  the  needle  of  a 
galvonometer  is  in  proportion  to  the  duration  of  a  current  of  known 
strength  passing  through  it  for  a  short  time,  an  accurate  measure- 
ment of  the  difference  in  time,  of  remote,  and  near  or  direct  stimu- 
lation of  a  nerve,  may  be  made.  By  a  special  mechanism  the 
time-measuring  current  is  sent  through  the  galvanometer  at 
the  same  moment  that  the  stimulating  current  goes  through  the 
nerve,  and  the  instant  the  mu.scle  begius  to  coutract,  it  breaks  the 
current  passing  through  the  galvanometer,  so  that  this  time- 
measuriug  current  lasts  only  from  the  moment  when  the  nerve  is 
stimulated  until  the  muscle  begins  to  contract. 
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The  Elbxttric  Chaitob  in  Nerve. 

Negative  Vai-iation. — The  natural  current  of  a  nerve,  like  that 
of  muscle,  undergoes  a  diminution  at  the  moment  the  nerve  is 
stimulated  ;  this  is  termed  the  negative  variation.  It  occurs  with 
any  other  form  of  stimulation  as  well  as  when  an  electric  shock 
is  used,  so  it  i.s  not  dependent  on  an  escape  of  the  stimulating 
current.  In  the  case  of  a  single  stimulation,  the  negative  varia- 
tion is  so  rapidly  over — lasting  only  .0005  sec,  that  the  inertia 
of  the  needle  of  the  galvanometer  prevents  the  change  in  the  cur- 
rent being  indicated.  In  tetanus,  however,  it  makes  a  decided 
impression-  on  the  galvanometric  needle.  The  strength  of  the 
negative  variation  depeuds  on  the  condition  of  the  nerve  and  the 
strength  of  the  stimulus;  being  stronger  when  the  nerve  is  fresh 
an<l  irritable  and  has  a  good  natural  current,  and  when  a  strong 
stimulus  is  applied. 

The  negative  variation  of  the  natural  currents  pa-sses  along  the 
nerve  from  the  point  of  stimulation  in  both  directions,  just  as  does 
the  nerve  inipulse;  and  with  a  galvanometer  the  electric  change 
may  be  traced  from  the  nerve  to  the  muscle.  Moreover,  it  has 
been  made  out  that  the  negative  variation  travels  along  the  nerve 
at  just  the  same  velocity  as  the  impulse  does  from  the  point  of 
stimulation  ;  namely,  about  27  metres  per  second  ;  and  further, 
this  rate  is  said  to  be  influenced  in  the  same  way  by  the  passage 
of  a  constant  current  through  the  nerve  (to  be  presently  described) 
as  is  the  impulse  derived  from  stimulus.  These  points  seem  to 
lead  to  the  belief  that  the  nerve  impulse  and  the  negative  varia- 
tion are  identical.  This  peculiar  electric  change  and  its  accom- 
panying impulse  pass  then  along  the  nerves  as  a  kind  of  wave  of 
activity,  the  speed  and  the  duration  of  which  we  know  to  be  27 
metres  per  sec,  and  .0005  of  a  sec.  respectively ;  the  length  of  the 
wave  we  therefore  calculate  to  be  about  18  millimetres. 


Electrotonub. 

If  the  two  poles  leading  to  a  galvanometer  be  applied  to  the 
centre  and  to  the  end  of  a  nerve  respectively,  so  as  to  indicate 
the  natural  current,  and  at  the  same  time  another  part  of  the 
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nerve  be  placed  in  the  circuit  of  a  constaDt  current  from  a  battery, 
when  the  circuit  of  the  couBtant  (now  called  polarizing)  current 
is  completed,  a  change  is  found  to  take  place  in  the  natural  cur- 
rent; this  is  called  eleclrotonm.  Instead  of  the  natural  currents 
from  the  equator  to  the  pole  of  the  nerve,  a  current  is  found  to 
pass  through  the  entire  length  of  the  nerve  in  the  same  direction 
aa  the  polarizing  current  from  the  battery.  This  electrotonic  cur- 
rent is  not  proportional  to  the  strength  of  the  natural  currents, 
and  is  to  be  recognized  when  the  latter  are  no  longer  to  be  found. 


Fio.  202. 


Diagrnin  lo  iltuRlrnte  Ille'fnitotiU'i,— N  s'.  Porlioii  of  nerve.  <i  O'. 
Gttlvanonieters.  d.  iSaltery  from  which  {lolarizing  current  can  he  sent  into 
nerve  by  cloain);  key  it.  The  direction  of  the  polarizing  «nd  electrotonic 
currents  is  indicated  by  the  arrows,  and  is  seen  to  be  the  aame. 


The  electrotonic  current  is  stronger  with  a  strong  polarizing  cur- 
rent, and  is  most  marked  in  the  immediate  neighborhood  of  the 
poles,  fading  gradually  away  as  one  passes  to  the  remoter  parts  of 
the  nerve.  The  electrotonic  state  is  not  to  be  attributed  to  an 
escape  of  the  constant  polarizing  current,  because  it  decreases 
gradually  with  the  waning  of  the  physiological  activity  of  the 
nerve,  and  ceases  at  the  death  of  the  nerve  long  before  the  tissue 
has  lost  its  power  of  conducting  electric  currents.  Moreover,  it 
has  been  shown  that  a  ligature  applied  to  the  nerve  so  as  to  destroy 
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iti  phTsological  a»tintitj-,  bat  not  iu  power  of  cmrryiog  electric 
uniaita,  ptercBli  tiie  eleetfotoaic  cnrrait  paaiag  to  the  part  of 
d»  mem  whkk  '»  thoa  aepuated. 

Tbe  cwdhioa  of  tbe  portioa  of  the  nerre  near  the  anode — 
porilne  ptle — is  fiMnd  to  diftr  MMBevliat  from  that  near  the 
cathode — aefadve  pole — and  beooe  it  is  fbuod  cooTeoieDt  to 
speak  of  tbe  region  of  the  aoode  being  in  tbe  atuleHnUmic,  and 
that  aear  the  cathode  being  io  the  wrfatorolpiite  condition.  A 
oertua  time  it  reqaired  for  the  prodoetioa  of  an/eUttrotonut  and 
oatofetfrotowM,  a  carrent  of  leas  doration  than  .0015  of  a  second 
being  nnable  to  bring  about  tbe  change ;  the  negative  variatiuo 
ia,  thciefate,  over  before  tbe  electrotooos  has  commenced. 

iRETrABILITY   OF  NkBVE  FiBBEB. 

Tbe  irritability  of  nerves  varies  according  to  certain  conditions 
and  drcunwtances.  While  uninjured  in  the  body,  the  irritability 
of  a  nerve  depends  upon — 

1.  A  perfect  supply  of  blood  so  as  to  bear  to  it  tbe  necessary 
quantity  of  new  material  as  nutriment,  and  to  carry  oflT  any 
injurious  eflete  matters  Uiai  maj*  be  produced  by  its  molecular 
changes. 

2.  A  suitable  amount  of  rest.  Prolonged  activity  causes  fatigue 
and  loss  of  irritability,  no  doubt  from  the  same  causes  as  were 
mentioned  as  bringing  about  fatigue  in  muscles.  Tbe  chemical 
changes  taking  place  iu  nerves,  however,  have  not  yet  been  made 
out  with  any  degree  of  accuracy. 

3.  Uninjured  connection  with  the  nerve  centres.  When  a  spinal 
nerve  is  cut,  the  part  connected  with  the  periphery  rapidly  under- 
goes degenerative  changes  which  seem  to  depend  upon  faulty 
nutrition,  since  they  are  accompanied  by  structural  changes — 
fatty  degeneration.  This  appears  to  commence  in  a  very  short 
time  after  the  section — commonly  in  about  five  days.  The  part 
of  the  nerve  remaining  in  direct  connection  with  the  cord,  retains 
its  irritability  for  a  very  much  longer  time. 

In  the  artificial  stimulation,  by  means  of  electric  shocks  applied 
to  tbe  nerve  of  a  cold-blooded  animal,  there  are  many  minor  con- 
ditions which  have  considerable  influence  oa  the  irritability,  as 
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evidenced  by  the  r^ponse  given  by  the  attached  muscle  to  weak 
stimuli.     The  more  importaut  of  these  are: 

1.  Temperature  changes.  lu  the  case  of  a  frog's  nerve,  a  rise 
of  temperature  to  30-40°  C.  causes  an  increase  in  its  excitability. 
Also  a  fall  of  temperature  below  zero  tends  to  make  the  nerve 
more  easily  excited.  Both  these  conditions  have,  however,  a  very 
fleeting  effect,  for  the  nerve  soon  dies  at  the  temperature  named, 
and  most  probably  the  increased  irritability  is  only  to  be  taken 
as  a  sign  of  appruaching  death.  It  thus  appears  that  a  medium 
temperature  is  the  optimum  for  nerve  work. 

2.  The  part  of  the  nerve  stimulated,  is  also  said  to  have  some 
effect  ou  the  r&sult  of  a  given  btreugth  of  stimulus.  The  further 
from  the  muscle,  the  more  powerful  the  contraction  produced, 
other  things  being  equal.  So  that  the  impulse  is  supposed  to 
gather  force  as  it  goes,  as  in  the  case  of  a  falling  body,  and  hence 
has  been  spoken  of  as  the  avalanche  action  of  nerve  impulse. 

3.  A  new  section  of  the  nerve  is  said  to  increase  its  irritability, 
as  does,  indeed,  any  slightly  stimulating  influence,  such  as  dry- 
ing, and  chemical  or  mechanical  meddling  of  any  kind.  This 
increase  in  irritability  probably  depends  upon  injurious  changes 
going  on  in  the  nerve,  as  the  influences  just  alluded  to  lead  to 
complete  loss  of  excitability  if  carried  too  far. 

4.  The  most  remarkable  change  in  the  excitability  of  a  nerve, 
is  that  brought  about  by  the  action  of  a  constant  current  passing 
through  the  nerve,  so  as  to  set  up  the  conditions  just  described 
as  anclectrotonus  and  catelectrotonus,  (a)  The  irritability  of  the 
nerve  is  considerably  increased  in  the  region  near  the  cathode, 
and  it  is  notably  diminitthed  in  the  neighborhood  of  the  anode. 

{P)  The  increase  of  irritability  is  in  proportion  to  the  intensity 
of  the  catelectrotonic  state,  and  the  decrease  in  proportion  to  the 
intensity  of  the  anclectrotonus.  Thus  the  increase  is  most  marked 
in  the  immediate  neighborhood  of  the  cathode,  and  fades  with 
the  distance  from  the  negative  pole;  and  similarly,  the  decrease 
is  strongest  at  the  anode,  and  become  less  and  less  as  it  passes 
away  from  the  positive  pole.  Id  the  same  way,  in  the  part  of  the 
nerve  between  the  two  poles — the  intrapolar  region — the  de- 
crease and  increase  of  irritability  become  less  marked  towards  the 
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middle  point,  between  the  cathode  and  the  anode,  bo  that  here 
we  find  au  unaffected  part,  which  has  been  called  the  indifferent 
point. 

It  ia  a  remarkable  fact  that  this  indifferent  point  is  not  always 
midway  between  the  two  poles,  but  decreases  its  distance  from  the 
cathode  in  proportion  as  the  polarizing  current  is  made  stronger. 
That  is  to  say  ()),  with  strong  polarizing  currents  the  indifferent 
point  is  near  the  cathode  (B) ;  with  weak  currents  it  lies  near  the 
anode  (A)  (Fig.  203). 

Besides  beconoing  less  irritable  in  proportion  as  the  polarizing 
current  becomes  more  powerful  {i),  the  auelectrutonic  region  of 

Fio.  203. 


Diu);raiii  illittitniling  (he  variations  of  irritability  of  (iilTurent  parts  of  a 
nerve  during  the  p.i8snge  of  polarizing  currents  of  varying  strength  throngh 
a  portion  of  it. — A  =  Anode;  B^Calliode;  AB  =  Inlmpolar  district;  y,  = 
Effect  of  weak  current:  y,=  Effect  of  iiieilium  current;  y3=EUect  of 
itrong  current.  The  degree  of  effect  isflliown  by  the  distance  of  the  curves 
from  the  straiglit  line.  The  part  of  curve  below  the  line  corresponds  to 
rf«r«u«,  that  above  to  increase  of  irritability.  Where  the  curves  cross  the 
line  is  called  the  indifferent  point.  With  strong  currents  this  approaches 
the  cathode.     (From  Foster  after  I'fliiger.) 

the  nerve  loses  its  ability  to  coiidtict  impulses,  and  may,  finally, 
with  a  very  strong  current,  even  when  applied  for  a  short  time, 
become  quite  incapable  of  conducting  an  impulse. 

If  the  polarizing  current  be  now  opened,  so  as  to  stop  its  paas- 
age  through  the  nerve,  and  remove  the  anelectrotonic  and  the 
catelectrotonic  states  (c),  a  kind  of  rebound  occurs  in  the  condi- 
tion of  both  the  altered  regions,  and  the  part  which  has  just 
ceased  to  be  catelectrotonic,  and  was,  therefore,  oveMrritable 
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becomes,  by  a  kind  of  negative  modification,  very  much  lowered 
in  its  irritability ;  while  on  the  other  hand,  the  anclectrotonic 
part,  by  a  positive  rebound,  becomes  more  excitable  than  in  its 
normal  state.  The  rebound  over  the  line  of  normal  irritability 
lasts  but  a  very  short  time ;  but  still,  as  we  shall  see  presently,  it 
is  of  greater  duration  than  the  passage  of  the  negative  variation 
along  the  nerve. 

Fio.  204. 


Diagram  showing  tlie  meaning  of  the  terms  amending  and  draeending  cur- 
renlB,  used  in  speaking;  nf  the  law  of  contraction.  The  end  of  the  vertebral 
column,  sciatic  nervcm,  und  cnlf  muscles  of  the  frog  are  shown,  while  the 
arrows  indicate  the  direcliun  of  the  nscending  current  A,  on  the  led,  and 
the  descending  current  D,  un  the  right,  according  as  the  positive  pole  c  of 
the  balterj  is  below  or  above. 


Law  of  Contraction. 

Upon  the  foregoing  facts  (a-*),  and  others  already  mentioned, 
— viz.,  that  the  impulse  starts  in  the  nerve  from  different  poles 
and  with  difierent  force,  with  a  making  and  a  breaking  shock — 
depends  the  law  of  contraction,  which  would  be  difficult  to  under- 
stand without  bearing  in  mind  all  these  interesting  points. 
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It  was  found  that,  with  the  same  strength  of  atimulation,  not 
only  were  difl'erent  degrees  of  contraction  produced  with  making 
and  breaking  shocks,  but  also  that,  other  things  being  similar,  a 
different  result  followed  when  the  current  was  sent  through  the 
nerve  in  an  upward  direction  (t.e.,from  the  muscle),  and  when  it 
was  sent  in  a  downward  direction  {i.e.,  towards  the  muscle).  The 
stimulating  current  is  spoken  of,  in  the  former  case,  as  an  (ucending 
ewrrent,  and  in  the  latter  as  a  descending  eurrenl. 

The  following  is  a  tabular  view  of  the  law  of  contraction  : 


We»k  SUmulatlon. 

Medium  gUmulaUun. 
Strong  StImuluUon. 

JUKOnoiXO  CVRKKNTS. 

tiEscEinuRo  Oini«EHn. 

Uake  —  OontracMon. 
Break  —  No  tcsponK. 

Make  —  Cootractlon. 
Break  —  No  responae. 

Make  — Coil  traelioii. 
lireak  —  CbnlracUon. 

Make  —  OoDtractlun. 
Break  —  C'«nlractlou. 

Make  —  No  ruaponw. 
Break  —  ConlracUon. 

Make  —  Contraction. 
Break  —  No  re>poiiie. 

To  explain  this  law  the  following  points  must  be  kept  in  view: 

1.  In  a  breaking  shock  it  is  the  disappearance  oi  aneUetrotonua 

which  causes  the  stiraulatiou. 

2.  In  a  making  shock  it  is  the   appearance  of  c(Ueledlnlomu 

which  causes  the  stimulation. 

3.  With  the  same  current  the  make  is  more  powerful  than  the 

break. 

4.  Anelectrotonus  causes  reduction  of  irritability  and  conduc- 

tivity. 

CatelectrotonuB  causes  increase  of  irritability. 

With  ascending  currents  the  j)art  of  the  nerve  next  to  the 
muscle  is  in  a  state  of  reduced  functional  activity  (anelec- 
trotonus). 

With  descending  currents  the  part  of  the  nerve  next  the 
muscle  is  in  a  state  of  exalted  activity  (catelectrotouus). 

The  reduction  or  exaltation  of  activity  is  much  greater  with 
strong  currents. 
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That  only  making  shocks  cause  contraction  with  very  weak 
currents,  simply  dejjends  on  the  greater  eflScacy  of  the  entrance 
of  catelectrotonus  into  the  nerve,  which  causes  the  making  stim- 
ulation. 

That  contraction  follows  in  all  four  cases,  with  meilium  stimu- 
lation, is  explained  by  assuming  that  the  depression  of  the  func- 
tional activity  of  the  nerve  is  not  sufficient  to  afiect  its  conduct- 
ivity. 

The  want  of  response  to  a  making  shock,  in  the  case  of  the 
strong  descending  current,  depends  upon  the  fact  that  the  part  of 
the  nerve  near  the  muscle,  around  the  anode,  is  in  a  state  of 
lowered  activity,  and  is,  therefore,  unable  to  conduct  the  impulse 
which  has  to  pass  through  this  region  from  the  cathode,  where 
the  stimulation  takes  place,  in  order  to  reach  the  muscle. 

The  absence  of  contraction  at  the  breaking  of  a  strong  descend- 
ing current,  is  caused  by  the  same  lowering  of  the  conductivity  of 
the  nerve  between  the  point  of  stimulation  and  the  muscle,  because 
at  the  cessation  of  strong  catelectrotonus,  the  region  near  the 
cathode  rebounds  from  exalted  to  depressed  activity,  and  at  the 
moment  of  stimulation  the  greater  part  of  the  intrapolar  region  is 
an  electrotonic. 

The  specific  use  of  nerve  fibres  in  the  body  of  the  higher  animals 
may  be  thus  briefly  stated.  They  form  a  means  of  extremely 
rapid  intercoraraiinication  between  distant  parts.  The  protoplasm 
of  the  axis  cylinder  bus  undergone  a  special  moditicaliou,  by  which 
it  is  enabled  to  conduct  impulses  much  more  quickly  than  ordi- 
nary protoplasm  does.  Even  the  most  nearly-related  substance, 
muscle  tissue,  transmits  impulses  about  thirty  times  more  slowly 
than  a  nerve  fibre.  A  highly  organized  animal  body,  without 
nerve  fibres,  would  be  in  a  worse  condition  than  a  highly  organ- 
ised state  without  a  telegraph  or  even  a  postal  system. 


Nerve  Corpuscles  or  Termin.\ls. 

These  are  the  real  actors  in  the  nervous  operations,  while  the 
fibres  are  merely  their  means  of  communicating  with  one  another. 
One  great  set  of  terminals  is  placed  on  the  surface  of  the  body, 
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and  is  adapted  to  the  reception  of  the  various  external  influences 
which  are  brought  to  bear  on  it  from  without  by  its  surroundings. 
These  receivers  of  extrinsic  stimuli  are  necessarilj  much  varied 
so  as  to  be  capable  of  appreciatiug  all  the  different  kinds  of  stim- 
ulation presented  to  them.  They  are  either  distributed  over  the 
entire  surface  so  as  to  meet  with  general  mechanical  and  thermic 
changes,  or  they  are  further  specialized  for  the  reception  of  lumi- 
nous, sonorous,  odorous  or  gustatory  impulses.  lo  the  latter  cases 
the  special  terminals  are  collected  into  one  part,  and  usually  form 
complex  organs,  which  will  be  described  presently  in  the  chapters 
on  the  special  senses.    Another  great  set  of  tennioals  are  placed 

Fio.  206. 


'        "li^^k 
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Tactile  nerve  endings,  compoeed  of  small  capsules,  in  which  tlie  black  axis- 
cylinder  of  the  nerve  (a)  and  (n)  meets  with  many  protoplasmic  anits. 


in  the  deeper  textures,  when  they  act  as  local  distributing  agents ; 
such  as  the  nerve  plates  on  skeletal  muscles,  and  the  ganglionic 
networks  in  the  wall  of  the  intestine.  In  many  instances,  bow- 
ever,  the  exact  mode  of  connection  between  the  nerve  and  the 
protoplasm  uf  the  tissue  elements,  to  which  it  bears  impulses,  has 
not  been  satisfactorily  made  out.  In  the  remaining  class  of  nerve 
terminals  the  cells  are  grouped  together  so  as  to  form  larger  and 
smaller  colonies,  and  more  definitely  deserve  the  name  of  nerve 
or  ganglion  cells.  These  are  the  central  terminals,  and  are  placed 
either  in  the  cerebro-spinal  axis,  or  in  swellings  of  the  nerves 
called  sporadic  ganglia. 

Of  these  nerve  cells  there  are  many  varieties,  all  of  which  have 
the  following  characteristics :  The  cells  are  of  considerable  size, 
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and  have  processes  branching  off  from  them,  by  means  of  which 
they  communicate  with  the  nerve  fibres.  These  processes  may 
be  single  or  many,  hence  they  are  spoken  of  as  uni-,  bi-,  or  mul- 
tipolar cells,  etc.  The  nucleus  is  commonly  very  distinct,  and 
contains  a  well-marked  nucleolus.  The  abundant  protoplasm, 
which  is  usually  contained  in  a  delicate  cell  wall,  is  in  direct  con- 

Fio.  206*  • 


Maltipolar  cells  from  (lie  anterior  gray  column  of  the  spinal  cord  of  the 
dog-fish  (a)  lying  in  a  texture  of  fibriU;  (i)  prolongation  from  oella;  (e) 
nerve-fibres  cut  across.    (Cadiat.) 

nection  with  the  axis  cylinder  of  the  nerve  fibres,  with  which  it 
communicates  by  means  of  thin  strands  of  protoplasm  that  pass 
out  from  the  cell  by  the  processes.  A  delicate  striation  of  the 
protoplasm  may  sometimes  be  recognized,  indicating  the  course 
of  the  nerve  fibrils  as  they  run  into  the  cells  from  the  processes. 

The  Functions  of  Nerve  Cells. 

Any  mass  of  living  protoplasm,  such  as  an  amoeba,  can  receive 
extrinsic  impulses,  which  affect  directly  its  conditions,  and  though 
the  impression  may  be  very  localized  in  its  application,  yet  all 
the  part«  of  the  cell  participate  in  the  sensation,  and  probably 
take  part  in  the  resulting  movement. 

43 
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Besides  those  acts  of  which  we  can  recognize  the  cause,  many 
others  occur  in  au  amceba  which  we  are  not  able  to  trace  to  any 
definite  cause  other  than  the  energies  derived  from  its  special 
powers  of  aseimilalioti.  We  say,  then,  that  not  only  can  an 
amceba  feel  local  stimulation,  transmit  the  impulse  to  remoter 
parte  of  its  body,  and  respond  by  movement  to  the  stimulus,  but, 
moreover,  as  the  result  of  intrinsic  processes  of  a  chemical  nature, 
it  can  initiate  impulses  which  appear  as  motions,  etc.  We  may 
conclude  from  this  fact  alone  that  automatic  action  is  one  of  the 
vital  properties  of  protoplasm. 

Now  in  the  nerve  centres  we  find,  certainly  in  all  the  more 
complex  auinmls,  that  each  of  these  kinds  of  action  is  commonly 
distributed,  so  that  different  individual  cells  have  each  a  different 
act  to  perform,  and  thus  an  importaut  division  of  labor  takes 
place.  The  first  act  is  performed  by  a  wonderfully  elaborate  set 
of  special  organs  adapted  to  the  reception  of  the  various  extrinsic 
impulses  or  seneatious  from  without.  The  excitation  is  then  sent 
by  nerve  fibres  to  another  great  group  of  central  nerve  cells, 
which  are  apparently  employed  solely  in  receiving  the  stimuli 
from  the  peripheral  organs,  and  then  distributing  the  impulses  to 
their  neighbors,  which  can  direct,  modify,  analyze,  classify,  re- 
distribute, or  check  the  Impulses,  so  that  other  nerve  cells  may 
have  the  least  possible  amount  of  trouble,  and  at  the  same  time 
lose  none  of  the  advantage  that  is  to  be  gained  from  the  income 
derived  from  stimulus  coming  from  without.  Connected  with  the 
last  group  is  another,  the  nerve  cells,  which  lie  out  of  the  reach 
of  the  ordinary  peripheral  impulses,  but  are  capable  of  develop- 
ing within  themselves  energies,  and  can  initiate  impulses  with  no 
other  aid  than  that  of  their  nutrition  and  the  chemical  changes 
resulting  from  their  assimilation. 

These  impulses  are  distributed  to  the  peripheral  active  tissues, 
muscles,  glands,  etc.,  probably  through  the  medium  of  other  sets 
of  cells  analogous  to  the  last  group  situated  in  the  nerve  centres 
as  well  as  to  the  local  distributors  which  act  as  unions  between  the 
other  textures  and  the  nerve  fibres. 

The  functions  of  these  nerve  cells  which  form  centres  of  action 
may  be  classified  thus  : 
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1.  Reflection.  Many  nervous  cells  are  capable  of  reflecting  an 
impulse  received  by  an  afiereut  nerve  ;  that  ia  to  say  they  eead  it 
by  au  efferent  nerve  to  some  active  tissue,  such  as  a  muscle  or 
gland.  This  kind  of  direction  ia  spoken  of  as  a  simple  reflex  action. 
For  instance,  if  a  grain  of  red  pepper  be  placed  on  the  tongue, 
the  stimulus  soon  travels  from  the  peripheral  receiving  terminal, 
along  an  afferent  nerve,  to  its  central  terminal,  which  reflects  the 
impulse  to  the  efferent  nerve,  going  to  the  salivary  gland,  and  the 
result  is  an  increased  secretion  of  saliva. 

2.  Coordination.  There  are  but  few  reflex  acts  that  do  not 
require  the  cooperation  of  several  cells,  and  these  work  together 
in  an  orderly  manner,  the  resulting  activity  being  well  arranged 
and  usually  adapted  to  some  purpose.  The  first  act  of  the  re- 
ceiving cells  of  this  reflex  centre  must  then  be  to  distribute  and 
direct  the  impulse  into  those  channels  which  lead  to  groups  of  cells 
capable  of  sending  impulses  in  an  orderly  and  definite  direction. 
This  directing  and  arranging  power  is  spoken  of  as  coiirdiuation, 
and  probably  is  an  attribute  common  to  all  nerve  cells. 

3.  Augmentation.  Usually  tbe  force  of  the  reflected  efferent 
impulse  bears  a  direct  relation  to  the  afferent  impulse  asdetermined 
by  the  strength  of  the  stimulus.  Thus  if  the  amount  of  pepper  on 
the  tongue  be  much  increased,  not  only  is  the  flow  of  saliva  greater, 
but  the  stimulus  spreads  from  one  central  cell  to  another  until  the 
neighboring  centres  are  affected.  Thus  we  often  find  the  lachrymal 
glands  are  also  influenced  by  very  strong  stimulation  of  the  tongue, 
and  pour  out  their  secretion,  as  is  said,  "in  sympathy"  with  the 
mouth  glands.  But  the  amount  of  the  afferent  impulse  is  not  the 
only  factor  in  determining  the  amount  of  response  to  be  reflected 
along  the  efferent  channels.  Some  nerve  cells  have  a  distincl 
power  of  increasing  the  amount  of  response  to  be  given  to  a  given 
stimulus.  When  an  irritant  falls  near  the  laryngeal  opening,  a 
very  different  effect  is  produced,  and  the  vastly  greater  response 
to  an  equal  stimulus  depends  rather  on  the  augmenting  power  of 
some  central  cells  than  upon  any  greater  sensibility  of  the  local 
mechanisms. 

4.  Inhibition.  Under  certain  circumstances,  such  as  prc-occu- 
palion,  etc.,  which  will  be  more  fully  explained  presently,  uervc 
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cells  withhold  the  transmission  of  a  stimulus,  or  lessen  the  im- 
pulse reflected  eo  as  to  produce  little  or  no  effect ;  this  is  called 
inhibit  iou. 

5.  Automatism.  Nerve  cells  are  supposed  to  have  the  power 
of  originating  impulses;  e.g.,  those  carrying  on  operations  which 
require  to  be  of  a  more  or  less  ftermanent  kind,  such  as  the  closure 
of  the  sphincter  muscles  and  the  partial  contraction  of  the  muscle 
cells  of  the  arteries.  Automatic  actions  are  sometimes  spoken  of  as 
those  that  are  continuous  and  those  that  undergo  rhythmical 
changes.  If  carefully  examined,  however,  most  of  the  so-called 
constant  automatic  nervous  actions  will  be  found  to  show  some 
traces  of  rhythmic  relaxation.  Nerve  cells,  with  automatic 
properties,  may  be  exercised  in  preventing  reflex  actions  having 
their  full  effect,  and  thus  they  act  as  aids  to  the  controlling 
part  played  by  the  reflex  cells.  And  in  the  same  way  automatic 
cells  may  be  influenced  and  even  regulated  by  impulses  coming 
from  the  periphery  to  reflex  centres  in  the  vicinity,  which  join 
forces  with  the  automatic  centre.  Thus  the  act  of  respiration 
may  be  performed  by  pure  automatism,  and  its  centre  supplies 
a  good  example  of  an  automatic  group  of  cells.  As  a  matter  of 
fact,  however,  the  respirations  are  regulated  by  a  reflex  mechanism, 
the  channels  of  which  reside  in  the  vagus  nerve. 

Moreover  it  is  in  the  nerve  cells  that  we  must  seek  mental 
activity,  under  which  term  may  be  considered  perception,  volition, 
thought,  aud  memory.  It  is  very  difficult  to  allocate  the  due  pro- 
portions of  reflection,  coordination,  augmentation,  inhibition,  au- 
tomatism, etc.,  requisite  for  the  development  of  what  we  must  call 
mental  faculties,  but  there  can  be  no  doubt  that  the  mind  must 
be  the  resultant  of  a  long  series  of  external  and  internal  excita- 
tions, modified  by  intrinsic  influence,  and  acting  upon  innumerable 
groups  and  masses  of  nerve  cells,  the  general  outline  of  which  has 
been  rough-hewn  by  hereditary  tendency. 


CHAPTER  XXIX. 


SPECIAL  PHYSIOLOGY  OF  NERVES. 


Spinal  Nerves. 

The  thirty-one  pairs  of  nerves  which  leave  the  vertebral  canal 
by  the  openiugs  between  the  vertebra;  are  called  spinal  nerves,  in 
contradistinctiou  to  the  cranial  nerves,  which  come  out  through 
the  base  of  tbe  skull.  They  arc  attached  to  the  spinal  marrow 
by  two  bands,  the  auterior  and  posterior  "  roots,"  which  unite 
together  in  the  iuter-vertebral  canal  to  form  the  trunk  of  the 
nerve.  Just  before  the  junction  of  the  two  roots  the  posterior 
one  is  enlarged  by  a  ganglionic  ewelling. 

The  spinal  nerves  are  all  "  mixed  nerves,"  that  is  to  say,  they 
contain  both  efferent  and  afferent  fibres;  but  these  two  sets  of 
fibres  run  separately  in  the  anterior  and  posterior  roots  of  each 
nerve.  The  spinal  nerves  are  thus  joined  to  the  spinal  marrow 
by  two  nervous  cords,  each  one  of  which  contains  only  efferent 
or  afferent  channels.  About  seventy  years  ago  Charles  Bell  dis- 
covered that  the  anterior  roots  carry  the  efferent  fibres  and  the 
posterior  the  afferent.  Hence,  the  anterior  are  commonly  spoken 
of  as  the  motor  roots,  and  the  posterior  as  tbe  Beiuory  roots  of  the 
spinal  nerves.  The  experiment  to  show  this  difference  is  simple, 
but  re()uires  very  delicate  manipulation.  If  the  anterior  roots  of 
the  nerves  supplying  the  hind  leg  of  a  recently-killed  frog  be 
divided,  the  muscles  of  the  limb  are  cut  off  from  tbe  centres  in 
the  spinal  cord,  and  therefore  the  leg  hangs  limply,  and  does  not 
move  if  it  is  pinched  when  the  frog  is  suspended ;  whereas  the 
limb  on  the  sound  side,  upon  which  the  anterior  roots  are  intact, 
will  move  energetically  when  the  motionless  one  is  irritated.  If 
the  distal  ends  of  the  divided  anterior  roots  be  stimulated,  the 
muscles  of  the  paralyzed  limb  are  thrown  into  action  ;  but  stimu- 
lation of  the  proximal  end  gives  no  result.     Further,  if  the  two 
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weba  of  this  frog  be  compared,  the  bloodvessels  running  acrosB 
the  transparent  part  of  the  web  ou  the  injured  side  will  be  found 
to  be  fuller  than  those  in  the  web  of  the  other  limb,  but  if  the 
distal  ends  of  the  motor  roots  are  stimulated,  the  dilated  blood- 
vessels return  to  their  normal  calibre.  By  these  experimenta  we 
are  shown  that,  together  with  fibres  to  the  skeletal  muscles,  effer- 
ent fibres  carrying  impulses  to  the  muscular  walls  of  the  vessels 
are  contained  iu  the  anterior  roots  of  the  spinal  nerves. 

The  fact  that  when  the  teg  on  the  side  where  the  anterior  roots 
have  been  severed  is  stimulated,  the  other  moves,  is  sufficient  to 
show  that  the  sensory  conneotions  between  its  surface  and  the 
cord  are  not  destroyed  by  cutting  those  anterior  roots  ;  and  wa 
may  conclude — taking  the  other  facts  just  mentioned  into  account 
— that  the  afferent  fibres  are  situated  in  the  posterior  roots. 

We  can  confirm  this  result  by  cutting  the  posterior  root*  on 
one  side  of  a  recently-killed  frog,  and  repeating  the  stimulation 
of  the  feet. 

Pinching  the  limb  whose  posterior  roots  are  cut,  gives  rise  to 
no  response,  because  the  impulses  cannot  reach  the  spinal  cord ; 
but  stimulation  of  the  sound  foot  causes  obvious  movements  of 
both  legs.  This  shows  that  the  section  of  the  posterior  roots  of 
one  limb  cuts  off  the  afferent  (sensory)  communication  on  the 
side  operated  on,  but  that  the  efferent  (motor)  impulses  can  pass 
freely  to  the  muscles,  even  when  the  posterior  roots  are  divided, 
for  the  limb  moves  on  pinching  the  other  foot.  Further,  if  the 
proximal  ends  of  the  cut  posterior  roots  be  stimulated,  motions 
are  produced  showing  that  the  centres  in  the  spinal  cord  are  in- 
fluenced by  the  afferent  impulses  carried  by  those  posterior  roots. 
On  the  other  hand,  if  the  distal  ends  of  the  cut  roots  be  stimu- 
lated no  movement  results. 

It  has  been  sometimes  found  that  stimulation  of  the  anterior 
roots  seemed  to  cause  pain,  as  shown  by  the  motion  of  other  parts 
besides  those  to  which  this  root  was  itself  distributed  ;  and  it  was 
believed  that  some  sensory  fibres  must  run  in  the  anterior  roots. 
But  it  has  been  since  found  that  if  the  posterior  roots  be  first  cut 
these  signs  of  pain  are  not  shown  when  the  anterior  roots  are 
stimulated.     From  this  it  has  been  concluded  that  the  apparent 
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sensory  cbannela  of  the  motor  roots  are  nothing  more  than  some 
sensory  fibres  which  pass  from  the  nerve  trunk  a  little  way  up 
the  motor  root,  and  then  turn  back  and  descend  again  to  the 
junction  of  the  roots,  whence  they  pass  along  the  posterior  root 
to  the  cord.  These  fibres  are  named  the  "  recurrent  sensory 
fibres,"  and  the  recurrent  sensibility  of  the  anterior  roots  is  not 
regarded  as  any  serious  departure  from  Bell's  law. 

The  course  of  the  secretory,  etc.,  nerves  probably  follows  that 
of  the  motor  channels  at  their  exit  from  the  cord.    Their  per- 

Fio.  206. 


ition  through  spinal  ganglion  of  a  cat,  showing  ganglion  c«lU  intenpeiBed 
between  the  fibres.    (Low  power.) 


ipheral  distribution,  and  that  of  the  vasomotor  nerves,  are  inti- 
mately connected  with  the  sympathetic  system,  and  will  be  con- 
sidered further  on. 

Of  the  function  of  the  ganglia  on  the  posterior  roots  of  the 
spinal  nerves  but  little  is  positively  known.  There  is  no  evidence 
of  their  being  centres  of  reflex  action,  nor  can  they  be  shown  to 
poasess  any  marked  automatic  activity.  From  the  fact  that  when 
a  mixed  nerve  is  divided  the  end  cut  ofl'  from  the  ganglion  de- 
generates after  a  few  days,  these  ganglia  are  supposed  to  preside 
over  the  nutrition  of  the  tissue  of  the  nerve  itself.  And  if  the 
roots  be  cut,  that  part  of  the  posterior  root  attached  to  the  cord 
degenerates,  while  the  piece  connected  with  the  ganglion  is  well 
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nourished.  This  is  not  the  case  if  the  anterior  root  be  divided, 
but,  on  the  contrary,  that  portion  next  the  cord  is  well  Doaristied, 
while  that  going  to  join  the  posterior  root  is  degenerated. 

It  would  thus  appear  that  the  trophic  function  of  the  ganglia 
is  restricted  to  the  sensory  nerves,  while  the  nutrition  of  the  motor 
nerves  is  provided  for  by  nervous  centres  situated  higher  ap. 


The  Cbanial  Nerves. 


Fto.  207. 


The  nerves  which  pass  out  through  the  foramina  in  the  base  of 
the  skull  must  be  considered  separately, 
as  the  function  of  each  of  them  shows 
some  peculiarity.  Some  are  exclusively 
nerves  of  special  sense,  and  may  be  most 
conveniently  described  when  the  special 
sense  organs  are  under  consideration. 
Some  are  simple,  being  purely  motor  in 
function,  while  others  are  exceedingly 
complex,  containing  many  kinds  of  fibres. 
They  may  be  taken  in  the  order  of  their 
functional  relationships,  motor  and 
mixed.  Those  which  relate  to  the  spe- 
cial senses  will  be  considered  In  future 
chapters. 


R  A^^^ 


Two  c«lU  from  the  for- 
mer aeea  under  a  high 
power,  Hfaowing  the  fine 
protoplum  here  and  there 
retracted  from  the  cell- 
wall. 


III. — The  Motor  Octn^i  Nerve. 

The  nerves  of  the  third  pair  are  the 
chief  motor  nerves  of  the  eyes.  They 
arise  from  the  gray  matter  on  the  floor 
and  roof  of  the  aqueduct  of  Sylvius,  and  pass  out  of  the  brain- 
substance  near  the  pons  from  between  the  fibres  of  the  peduncle, 
and  then  run  between  the  posterior  cerebral  and  superior  cere- 
bellar arteries.  They  pass  into  the  orbits  in  two  branches,  and 
are  distributed  to  the  following  orbital  muscles:  (1)  elevator  of 
the  eyelid ;  (2)  the  superior,  (3)  inferior,  and  (4)  internal  recti ; 
and  (5)  the  inferior  oblique.  They  also  contain  fibres  which 
carry  efierenl  impulses  to  the  (1)  circular  muscle  of  the  iris,  and 
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to  the  (2)  ciliary  muscle.  The  latter  branches  reach  the  eye  by 
a  short  twig  from  the  inferior  oblique  branch,  which  goes  to  the 
ciliary  ganglion,  and  thence  enter  the  ciliary  nerves. 

The  action  of  the  orbital  muscles  is,  in  the  main,  under  the 
control  of  the  will,  though  ihey  afibrd  good  examples  of  peculiar 
coordination  and  involuntary  association  of  movements.  The 
contraction  of  the  pupil  by  the  action  of  the  circular  muscle 
(sphincter  pupilise)  is  a  bilateral  reflex  act,  the  afiereot  impulse 
of  which  originates  in  the  retina,  passes  along  the  optic  nerves, 
and  is  transmitted,  probably  iu  the  corpora  quadrigemiua,  to  both 
the  third  nerves.  The  central  extremities  of  the  third  nerves 
must  have  an  intimate  connection  with  each  other  and  with  the 
optic  nerves,  for  the  diminution  in  size  of  the  pupils  follows  accu- 
rately the  increase  in  intensity  of  the  light  to  which  even  one  of 
the  retinae  is  exposed.  In  retinal  blindness  and  after  section  of 
the  optic  nerve  the  pupil  in  dilated.  The  action  of  the  ciliary 
muscle  may  be  said  to  be  voluntary,  since  we  can  voluntarily 
focus  our  eyes  for  near  or  far  objects.  Contraction  of  the  sphincter 
pupilia*  aud  of  the  internal  rectus  is  associated  with  the  contrac- 
tion of  the  ciliary  muscle  iu  accommodation. 

Injury  or  disease  of  the  third  nerve  within  the  cranium  gives 
rise  to  the  following  group  of  phenomena:  (1.)  Drooping  of  the 
upper  lid  (Ptosis).  (2.)  Fixation  of  the  eye  in  the  outer  angle 
(Luscitas).  (3.)  Dilatation  and  immobility  of  pupil  (Mydriasis). 
(4.)  Inability  to  focus  the  eye  for  short  distances. 


IV. — The  Trochleab  Nerve. 

This  thin  nervous  filament  arises  under  the  Sylvian  aqueduct, 
and  passes  into  the  superior  oblique  muscle,  to  which  it  carries 
voluntary  impulses,  which  are  involuntarily  a.<isociated  with  those 
of  the  other  muscles  moving  the  eyeball.  Paralysis  of  this  mus- 
cle causes  no  very  obvious  impairment  in  the  motions  of  the  eye- 
ball when  the  head  is  held  straight,  but  it  is  accompanied  by 
double  vision,  so  there  must  be  some  displacement  of  the  eyeball. 
When  the  head  is  turned  on  one  side  the  eye  follows  the  position 
of  the  head  instead  of  being  held  in  its  primary  position.     la 
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paralysis  of  this  nerve  a  double  image  is  seen  only  when  looking 
dowowards,  and  the  image  on  the  affected  aide  is  oblique  aad 
below  that  seen  by  the  sound  eye. 


VI. — The  Abductor  Nehve  op  the  Eye. 

This  arises  in  the  floor  of  the  fourth  ventricle,  and  appears  just 
below  the  pons  Varolii.  It  is  the  motor  nerve  of  the  external 
rectus  muscle  of  the  eye.  Paralysis  or  section  of  it  causes  inter- 
nal squint. 

Vn. — (PoRTio  Dura)  Motor  Nerve  of  the  Face. 

This  nerve  arises  from  a  gray  nucleus  in  the  floor  of  the  fourth 
ventricle.  It  passes  with  the  other  part  of  the  seventh  (portio 
mollis)  or  auditory  nerve  into  the  internal  auditory  meatus  of  the 
temporal  bone.  It  first  passes  out  towards  the  hiatus,  and  then 
turns  at  a  right  angle  to  form  a  knee-like  swelling  (geniculate 
gaogliou),  and  then  runs  backwards  along  the  top  of  the  inner 
wall  of  the  drum,  and  passing  downwards  through  a  special  canal 
in  the  bone,  comes  out  at  the  atylo-mastoid  foramen,  and  finally 
spreads  out  on  the  side  of  the  face.  It  is  essentially  an  efferent 
nerve,  being  partly  motor  and  partly  secretory,  though  its  con- 
nections have  caused  afferent  functions  to  be  ascribed  to  it.  Its 
distribution  may  be  thus  briefly  summarized : 

i.  Motor  fibres. — (1.)  To  the  muscles  of  the  forehead,  eyelids, 
nose,  cheek,  mouth,  chin,  outer  ear,  and  the  platysma,  which  may 
be  grouped  together  as  the  muscles  of  expression.  (2.)  To  some 
muscles  of  mastication,  viz.,  buccinator,  posterior  belly  of  digastric, 
aud  thestylo-hyoid — all  the  foregoing  being  supplied  by  external 
branches — while  in  the  temporal  bone  it  gives  a  branch  to  (3) 
the  stapedius  muscle,  aud  also  a  branch  from  the  geniculate  gan- 
glion named  the  great  superficial  petrosal  nerve,  which  after  a  cir- 
cuitous course  is  supplied  to  the  elevator  and  azygoa  muscles  of 
the  palate  and  uvula. 

ii.  Secretory  fibren. — (1.)  To  the  parotid  gland  by  the  small  su- 
perficial petrosal  nerve,  which  sends  a  branch  to  the  otic  ganglion, 
whence  the  fibres  pass  to  the  auriculo-temporal  nerve,  and  then 
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irriubUitj  is  oolj  to  (w  takcQ 
at »  aigB  «f  mffnatimg  4mlk.  It  tbos  appears  that  a  m«i)iuin 
ttmiftntmxt  u  A*  «|MnMMB  far  aecre  work. 

SL  Hm  put  cf  liw  aerve  ituMikiled,  is  also  said  to  barr  toiuo 
;  oa  the  iMok  of  a  ghtm  sCreagth  of  stimalus.  Tho  Airlher 
from  the  mosde,  the  aaore  poverful  the  cootnction  productd, 
other  things  being  eqoal.  So  that  the  impulse  is  !>i)pp<v^)  to 
gather  fiirce  as  it  goes,  as  io  the  caseof  a  falling  body,  »n<j  hcnctt 
has  been  spoken  of  as  the  avaJaneMe  action  of  nerve  impulse. 

3.  A  new  section  of  the  nerve  is  staid  to  increase  its  irrilability, 
as  does,  indeed,  any  slightly  stimulating  iutluenct>,  such  as  dry< 
ing,  and  chemical  or  mechanical  meddling  of  any  kind.  This 
increase  in  irritability  probably  de[>en(ls  upon  injurious  changes 
going  on  in  the  nerve,  as  the  influences  just  alludnl  to  load  to 
complete  loss  of  excitability  if  carried  too  far. 

4.  The  most  remarkable  change  in  the  excitability  of  a  ncrvn, 
is  that  brought  about  by  the  action  of  a  coustaul  ciirnMit  pusning 
through  the  nerve,  so  as  to  set  up  the  cmidiliiins  jusl  iliwribfHl 
as  auelectrotoDus  and  catelectrotouus.  {n)  Tlic  irrituliility  i»l  the 
nerve  is  considerably  increased  iu  the  region  near  the  cathttde, 
and  it  is  notably  diminished  in  the  nct^irlilKirliDixl  of  llic  luitido. 

(/?)  The  increase  of  irritiibility  is  in  (uoporliim  Io  llin  iiitciiMJly 
of  the  catelectrotonic  state,  and  the  decronse  in  proportion  to  tha 
intensity  of  the  atielectrotonus.  Tims  the  incrcasu  in  most  uiarkiid 
in  the  immediate  ucighborliootl  uf  llio  cathodi',  and  I'adcM  with 
the  distance  from  the  negative  pole;  and  siniilnrly,  tho  decrmiM< 
is  strongest  at  the  anode,  and  bocumn  Ickm  and  IfM  a*  it  pawu?* 
away  from  the  positive  pole.  In  the  sarnn  way,  in  tli«  part  of  thn 
nerve  between  the  two  pole* — the  intrupular  rrginn  ihr  dn- 
crease  and  increase  of  irritability  become  b-ss  marked  towards  Ihn 
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middle  point,  between  the  cathode  and  the  anode,  8o  that  here 
we  find  an  unnifected  part,  which  has  been  called  the  indifferent 
point. 

It  is  a  remarkable  fact  that  this  indifierent  point  is  not  always 
midway  between  the  two  poles,  but  decreases  its  distance  from  the 
cathode  in  proportion  as  the  polarizing  current  is  made  stronger. 
That  is  to  say  (>),  with  strong  polarizing  currents  the  indifferent 
point  is  near  the  cathode  (B) ;  with  weak  currents  it  lies  near  the 
anode  (A)  (Fig.  203). 

Besides  becoming  less  irritable  in  proportion  as  the  polarizing 
current  becomes  more  powerful  (<),  the  anclectrotonic  region  of 


Fio.  203. 


Diagram  illustrating  the  variations  of  irritability  of  diH'erenI  parts  of  a 
nerve  during  the  ftassage  of  polarizinR  currents  of  varying  strength  through 
a  portion  of  it. — A  =  .\nr<ie;  n=  Cathode;  AB  =  Intraiwilar  district;  y,  = 
EtTect  of  weak  cnrrent:  y,  =  Effect  of  medium  current;  yj=  Effect  of 
strong  current.  The  degree  of  effect  is  shown  by  the  distance  of  the  curves 
from  the  straight  line.  The  part  of  curve  below  the  line  corresponds  to 
dtereate,  that  above  to  increnM  of  irritability.  Where  the  curves  cross  the 
lioe  is  called  the  indifferent  point.  With  stning  currents  this  approaches 
the  cathode.     (From  Foster  after  Pfluger.) 


the  nerve  loses  its  ability  to  conduct  impulses,  and  may,  finally, 
with  a  very  strong  current,  even  when  applied  for  a  short  time, 
become  quite  incapable  of  conducting  an  impulse. 

If  the  polarizing  current  be  now  opened,  so  as  to  stop  its  pass- 
age through  the  nerve,  and  remove  the  anelectrotonic  and  the 
catelectrotonic  states  («),  a  kind  of  rebound  occurs  in  the  condi- 
tion of  both  the  altered  regions,  and  the  part  which  has  just 
ceased  to  be  catelectrotonic,  aud  was,  therefore,  over-irritable 
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becomes,  by  a  kind  of  negative  modification,  very  much  lowered 
in  its  irritability ;  while  on  the  other  hand,  the  anclectrotonio 
part,  by  a  poeitive  rebound,  becomes  more  excitable  than  in  its 
normal  state.  The  rebound  over  the  line  of  normal  irritability 
lasts  but  a  very  short  time ;  but  still,  as  we  shall  see  preseutly,  it 
is  of  greater  duration  than  the  passage  of  the  negative  variation 
along  the  nerve. 

Fio.  204. 


Diagram  showing  ihc  tueaning  of  the  terroii  ateauling  and  dtteending  cut- 
renl8,  used  in  spealiing  of  (lie  law  of  contraction.  Tlie  end  of  the  vertebral 
coltimn,  sciatic  nerves,  and  calf  muscles  of  the  frog  are  shown,  while  the 
arrows  indicate  the  diretlion  of  the  awciiding  current  A,  on  the  left,  and 
the  descending  current  D,  on  the  right,  according  as  the  positive  pole  c  of 
the  batterv  is  below  or  above. 


Law  of  Contraction. 

Upon  the  foregoing  facts  (a-e),  and  others  already  mentioned, 
— viz.,  that  the  impulse  starts  in  the  nerve  from  different  poles 
and  with  different  force,  with  a  making  and  a  breaking  shock — 
depends  the  law  of  contraction,  which  would  be  difficult  to  under- 
stand without  bearing  in  mind  all  these  interesting  points. 
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It  was  found  that,  with  the  same  strength  of  Btimulation,  not 
only  were  diflerent  degrees  of  contraction  produced  with  making 
and  breaicitig  shocks,  but  al!<o  that,  other  things  being  similar,  a 
different  result  followed  when  the  current  was  sent  through  the 
nerve  in  an  upward  direction  (i.e.,  from  the  muscle),  and  when  it 
was  sent  in  a  downward  direction  (i.e.,  towards  the  muscle).  The 
stimulating  current  is  s|K)ken  of,  in  the  former  case,  as  an  ascending 
current,  and  in  the  latter  as  a  de*cending  current. 

The  following  is  a  tabular  view  of  the  law  of  contraction  : 


Weak  SUmuUUon. 

Medium  Stimulation. 
Stroug  stlmuIaUou. 

ASCKKDIHO  CDKKKMTI!. 

DEsraxDiKo  cimvsiin. 

Make  —  Gontravtlon. 
Break  —  No  response. 

Make  —  Contnctlon. 
Break  —  No  ratpoiue. 

Make  —  Gontraction. 
Break  —  Coutiaction. 

Make  —  OoDtractlon. 
Break  —  Contnctlon. 

Make  —  No  rcaponse. 
Break  ~  Coniractlon. 

Make  —  Contraetlon. 
Break  —  No  refl|>onse. 

3 


To  explain  this  law  the  following  points  must  be  kept  in  view: 

1.  In  a  breaking  shock  it  is  the  disappearance  oi  anelecirolonns 

which  causes  the  sliraulatiou. 

2.  In  a  making  shock  it  is  the   appearance  of  eaieledrotonxu 

which  causes  the  stimulation. 
With  the  same  current  the  viake  is  more  powerful  than  the 
break. 

4.  Anelectrotonus  causes  reduction  of  irritability  and  conduc- 

tivity. 

5.  Catelectrotonus  causes  inertaae  of  irritability. 

6.  With  ascending  currenti  the  part  of  ilie  nerve  next  to  the 

muscle  is  in  a  state  of  reduced  functional  activity  (anelec- 
trotonus), 

7.  With  descending  current*  the  part  of  the  nerve  next  the 

muscle  is  in  a  state  of  exalted  activity  (catelectrotonus). 

8.  The  reduction  or  exaltation  of  activity  is  much  greater  with 

strong  currents. 
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That  only  making  shocks  cause  contraction  with  very  weak 
currents,  simply  depends  on  the  greater  efficacy  of  the  entrance 
of  catelectrotonus  into  the  nerve,  which  causes  the  making  stim- 
ulation. 

That  contraction  follows  in  all  four  eases,  with  medium  stimu- 
lation, is  explained  by  assuming  that  the  depression  of  the  func- 
tioniil  activity  of  the  nerve  is  not  sufficient  to  aU'ect  its  conduct- 
ivity. 

The  want  of  response  to  a  making  shock,  in  the  case  of  the 
strong  descending  current,  depends  upon  the  fact  that  the  part  of 
the  nerve  near  the  muscle,  around  the  anode,  U  io  a  state  of 
lowered  activity,  aud  is,  therefore,  uuable  to  conduct  the  impulse 
which  has  to  pass  through  this  region  from  the  cathode,  where 
the  stimulation  takes  place,  in  order  to  reach  the  muscle. 

The  absence  of  contraction  at  the  breaking  of  a  strong  descend- 
ing current,  is  caused  by  the  same  lowering  of  the  conductivity  of 
the  nerve  between  the  point  of  stimulation  and  the  muscle,  because 
at  the  cessation  of  strong  catelectrotonus,  the  region  near  the 
cathode  rebounds  from  exalted  to  depressed  activity,  and  at  the 
moment  of  stimulation  the  greater  part  of  the  intrapolar  region  is 
an  electrotonic. 

The  specific  use  of  nerve  fibres  in  the  body  of  the  higher  animals 
may  be  thus  briefly  stated.  They  form  a  means  of  extremely 
rapid  intercommunication  between  distant  parts.  The  protoplasm 
of  the  axis  cylinder  has  undergone  a  special  modification,  by  which 
it  is  enabled  to  conduct  impulses  much  more  tjuickly  than  ordi- 
nary protoplasm  does.  Even  the  most  nearly-related  substance, 
muscle  tissue,  transmits  impulses  about  thirty  times  more  slowly 
than  a  nerve  fibre.  A  highly  organized  animal  body,  without 
nerve  fibres,  would  be  in  a  worse  condition  than  a  highly  organ- 
ized state  without  a  telegraph  or  even  a  postal  system. 

Nerve  Corpuscles  or  Terminals. 

These  are  the  real  actors  in  the  nervous  operations,  while  the 
fibres  are  merely  their  means  of  communicating  with  one  another. 
One  great  set  of  terminals  is  placed  on  the  surface  of  the  body, 
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and  IB  adapted  to  the  reception  of  the  various  external  inilueocea 
which  are  brought  to  bear  on  it  from  without  by  its  eurrnundingg. 
Theee  receivers  of  extrinsic  stimuli  are  necessarily  much  varied 
so  aa  to  be  capable  of  appreciating  all  the  different  kinds  of  stim- 
ulation presented  to  them.  They  are  either  distributed  over  the 
entire  surface  so  as  to  meet  with  general  mechanical  and  thermic 
changes,  or  they  are  further  specialized  for  the  reception  of  lumi- 
nous, sonorous,  odorous  or  gustatory  impulses.  In  the  latter  cases 
the  special  terminals  are  collected  into  one  part,  and  usually  form 
complex  organs,  which  will  be  described  presently  in  the  chapters 
on  the  special  senses.     Another  great  set  of  terminals  are  placed 

Fio.  205. 


Tactile  nerve  endings,  eoiupoaed  oramnll  capsules,  in  which  the  black  axis- 
cylinder  of  the  nerve  (a)  and  (n)  meets  with  many  protoplasmic  units. 


in  the  deeper  textures,  when  they  act  as  local  distributing  agents ; 
such  as  the  nerve  plates  on  skeletal  muscles,  and  the  ganglionic 
networks  in  the  wall  of  the  iatestine.  In  many  instances,  how- 
ever, the  exact  mode  of  connection  between  the  nerve  and  the 
protoplasm  of  the  tissue  elements,  to  which  it  bears  impulses,  has 
not  been  satisfactorily  made  out.  In  the  remaining  class  of  nerve 
terminals  the  cells  are  grouped  together  so  as  to  form  larger  and 
smaller  colonies,  and  more  definitely  deserve  the  name  of  nerve 
or  ganglion  cells.  These  are  the  central  terminals,  and  are  placed 
either  in  the  cerebro-spinal  axis,  or  in  swellings  of  the  nerves 
called  sporadic  ganglia. 

Of  these  nerve  cells  there  are  many  varieties,  all  of  which  have 
the  following  characteristics :  The  cells  are  of  considerable  sise, 
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and  have  processes  branching  off  from  them,  by  means  of  which 
they  communicate  with  the  nerve  fibres.  These  processes  may 
be  single  or  many,  hence  they  are  spoken  of  as  uni-,  bi-,  or  mul- 
tipolar cells,  etc.  The  nucleus  is  commonly  very  distinct,  and 
contains  a  well-marked  nucleolus.  The  abundant  protoplasm, 
which  is  usually  contained  in  a  delicate  cell  wall,  is  in  direct  con- 

Fio.  205*. 


Mnltipolar  cells  from  the  anterior  gray  column  of  the  spinal  cord  of  the 
dog-fish  (a)  lying  in  a  texture  of  fibrils ;  (6)  prolongation  from  cells ;  (e) 
nerve-fibres  cut  acroes.     (Cadiat.) 

nection  with  the  axis  cylinder  of  the  nerve  fibres,  with  which  it 
communicates  by  means  of  thin  strands  of  protoplasm  that  pass 
out  from  the  cell  by  the  processes.  A  delicate  striation  of  the 
protoplasm  may  sometimes  be  recognized,  indicating  the  course 
of  the  nerve  fibrils  as  they  run  into  the  cells  from  the  processes. 

The  Functions  of  Nerve  Cells. 

Any  mass  of  living  protoplasm,  such  as  an  amoeba,  can  receive 
extrinsic  impulses,  which  affect  directly  its  conditions,  and  though 
the  impression  may  be  very  localized  in  its  application,  yet  all 
the  parts  of  the  cell  participate  in  the  sensation,  and  probably 
take  part  in  the  resulting  movement. 
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Besides  those  acta  of  which  we  can  recognize  the  cause,  many 
others  occur  in  an  amceba  which  we  are  not  able  to  trace  to  any 
definite  cause  other  than  the  euergies  derived  from  its  special 
powers  of  assimilaliou.  We  say,  then,  that  not  only  can  an 
amoeba  feel  local  stimulation,  transmit  the  impulse  to  remoter 
parts  of  its  body,  and  respond  by  movement  to  the  stimulus,  but, 
moreover,  as  the  result  of  intriusic  processes  of  a  chemical  nature, 
it  can  initiate  impulses  which  appear  as  motions,  etc.  We  may 
conclude  from  this  fact  alone  that  automatic  action  is  one  of  the 
vital  properties  of  protoplasm. 

Now  in  the  nerve  centres  we  find,  certainly  in  all  the  more 
complex  animals,  that  each  of  these  kinds  of  action  is  commonly 
distributed,  so  that  different  individual  cells  have  each  a  different 
act  to  perform,  and  thus  an  important  division  of  labor  takes 
place.  The  first  act  is  performed  by  a  wonderfully  elaborate  set 
of  special  organs  adapted  to  the  reception  of  the  various  extrinsic 
impulses  or  sensations  from  without.  The  excitation  is  then  sent 
by  nerve  fibres  to  another  great  group  of  central  nerve  cells, 
which  are  apparently  employed  solely  in  receiving  the  stimuli 
from  the  peripheral  organs,  and  then  distributing  the  impulses  to 
their  neighbors,  which  can  direct,  modify,  analyze,  classify,  re- 
distribute, or  check  the  impulses,  so  that  other  nerve  cells  may 
have  the  least  possible  amount  of  trouble,  and  at  the  same  time 
lose  none  of  the  advantage  that  is  to  be  gained  from  the  income 
derived  from  stimulus  coming  from  without.  Connected  with  the 
last  group  is  another,  the  nerve  celts,  which  lie  out  of  the  reach 
of  the  ordinary  peripheral  impulses,  but  are  capable  of  develop- 
ing within  themselves  euergies,  and  can  initiate  impulses  with  no 
other  aid  than  that  of  their  nutrition  and  the  chemical  changes 
resulting  from  their  assimilation. 

These  impulses  are  distributed  to  the  peripheral  active  tissues, 
muscles,  glands,  etc.,  probably  through  the  medium  of  other  sets 
of  cells  analogous  to  the  last  group  situated  in  the  nerve  centres 
as  well  as  to  the  local  distributors  which  act  as  unions  between  the 
other  textures  and  the  nerve  fibres. 

The  functions  of  these  nerve  cells  which  form  centres  of  action 
may  be  classified  thus  : 
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1.  Reflectioa.  Maoy  nervous  cells  are  capable  of  reflecting  an 
irapuline  received  by  an  afferent  nerve ;  tbat  is  to  say  they  send  it 
by  an  efferent  nerve  to  some  active  tissue,  such  as  a  muscle  or 
gland.  Thi»  kiod  of  direction  is  spoken  of  as  a  simple  reflex  action. 
For  instance,  if  a  grain  of  red  pepper  bo  placed  on  tiie  tongue, 
the  stimulus  soon  travels  from  the  peripheral  receiving  terminal, 
along  an  afferent  nerve,  to  its  central  terminal,  which  reflects  the 
impulse  to  the  efferent  nerve,  going  to  the  salivary  gland,  and  the 
result  is  an  increased  secretion  of  saliva. 

2.  Coordination.  There  are  but  few  reflex  acts  that  do  not 
require  the  cooperation  of  several  cells,  and  these  work  together 
in  an  orderly  manner,  the  resulting  activity  being  well  arranged 
and  usually  adapted  to  some  purpose.  The  tirst  act  of  the  re- 
ceiving cells  of  this  reflex  centre  must  then  be  to  distribute  and 
direct  the  impulse  into  tho.se  channels  which  lead  to  groups  of  cells 
capable  of  sending  impulses  in  an  orderly  and  definite  direction. 
This  directing  and  arranging  power  is  spoken  of  as  coordination, 
and  probably  is  an  attribute  common  to  all  nerve  cells. 

3.  Augmentation.  Uaualiy  tbe  force  of  the  reflected  efferent 
impulse  bears  a  direct  relation  to  the  afferent  impulse  asdetermined 
by  the  strength  of  the  stimulus.  Thus  if  the  amount  of  pepper  on 
the  tongue  be  much  increased,  not  only  is  the  flow  of  saliva  greater, 
but  the  stimulus  spreads  from  one  central  cell  to  another  until  the 
ueighboriDg  centres  are  affected.  Thus  we  often  find  the  lachrymal 
glands  are  also  influenced  by  very  strong  stimulation  of  the  tongue, 
and  pour  out  their  secretion,  as  is  said,  "in  sympathy"  with  the 
mouth  gland.s.  But  the  amount  of  the  afferent  impulse  is  not  the 
only  factor  in  detcnuining  the  amount  of  response  to  be  reflected 
along  the  efferent  channels.  Some  nerve  cells  have  a  distinct 
power  of  increasing  the  amount  of  response  to  be  given  to  a  given 
stimulus.  When  an  irritant  falls  near  the  laryngeal  opening,  a 
very  different  effect  is  produced,  and  the  vastly  greater  response 
to  au  equal  stimulus  depends  rather  on  the  augmenting  power  of 
some  central  colls  thau  upon  any  greater  sensibility  of  the  local 
mechanisms. 

4.  Inhibition.  Under  certain  circumstances,  such  as  pro-occu- 
pation, etc.,  which  will  be  more  fully  explained  presently,  nerve 
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cells  withhold  the  transmission  of  a  stimulus,  or  lessen  the  im- 
pulse reflected  so  as  to  produce  little  or  no  effect ;  this  is  called 
inhibition, 

5.  Automatism.  Nerve  cells  are  supposed  to  have  the  power 
of  originatlDg  impulses;  e.g.,  those  carrying  on  operations  which 
require  t«  be  of  a  more  or  less  permanent  kind,  such  as  the  closure 
of  the  sphincter  muscles  and  the  partial  contraction  of  the  muscle 
cells  of  the  arteries.  Automatic  actions  are  sometimes  spoken  of  as 
those  that  are  continuous  and  those  that  undergo  rhythmical 
changes.  If  carefully  examined,  however,  most  of  the  so-called 
constant  automatic  nervous  actions  will  be  found  to  show  some 
traces  of  rhythmic  relaxation.  Nerve  cells,  with  automatic 
properties,  may  be  exercised  in  preventing  reflex  actions  having 
their  full  effect,  and  thus  they  act  as  aids  to  the  controlling 
part  played  by  the  reflex  cells.  And  in  the  same  way  automatic 
cells  may  be  influenced  and  even  regulated  by  impulses  coming 
from  the  i)eriphery  to  reflex  centres  in  the  vicinity,  which  join 
forces  with  the  automatic  centre.  Thus  the  act  of  respiration 
may  be  performed  by  pure  automatism,  and  its  centre  supplies 
a  good  example  of  an  automatic  group  of  cells.  As  a  matter  of 
fact,  however,  the  respirations  are  regulated  by  a  reflex  mechanism, 
the  channels  of  which  reside  in  the  vagus  nerve. 

Moreover  it  is  in  the  nerve  cells  that  we  must  seek  mental 
activity,  under  which  term  may  be  considered  perception,  volition, 
thought,  and  memory.  It  is  very  di^cult  to  allocate  the  due  pro- 
portions of  reflection,  coordination,  augmentation,  inhibition,  au- 
tomatism, etc.,  requisite  for  the  development  of  what  we  must  call 
mental  faculties,  but  there  can  be  no  doubt  that  the  mind  must 
be  the  resultant  of  a  long  series  of  external  and  iuterual  excita- 
tions, modified  by  intrinsic  influence,  and  acting  upon  innumerable 
groups  and  masses  of  nerve  cells,  the  general  outline  of  which  has 
been  rough-hewn  by  hereditary  tendency. 


CHAPTER  XXIX. 
SPECIAL  PHYSIOIXXIY  OF  NERVES. 

Spinal  Nerves. 

The  thirty-one  pairs  of  nerves  which  leave  the  vertebral  canal 
by  the  opeuiugs  between  the  vertebrte  are  called  spinal  nerves,  in 
contradistinction  to  the  cranial  nerves,  which  come  out  through 
the  base  of  the  skull.  They  are  attached  to  the  spinal  marrow 
by  two  bands,  the  auterior  and  posterior  "  roots,''  which  unite 
together  in  the  inter-vertebral  canal  to  form  the  trunk  of  the 
nerve.  Just  before  the  junction  of  the  two  roots  the  posterior 
one  is  enlarged  by  a  ganglionic  swelling. 

The  spinal  nerves  are  all  "  mixed  nerves,"  that  is  to  say,  they 
contain  both  efferent  and  afferent  fibres;  but  these  two  sets  of 
fibres  run  separately  in  the  anterior  and  posterior  roots  of  each 
nerve.  The  spinal  nerves  are  thus  joined  to  the  spinal  marrow 
by  two  nervous  cords,  each  one  of  which  contains  only  efferent 
or  afferent  channels.  About  seventy  years  ago  Charles  Bell  dis- 
covered that  the  anterior  roots  carry  the  efferent  fibres  and  the 
posterior  the  afferent.  Hence,  the  anterior  are  commonly  spoken 
of  as  the  motor  roots,  and  the  posterior  as  the  tensory  roots  of  the 
spinal  nerves.  The  experiment  to  show  this  difference  is  simple, 
but  requires  very  delicate  manipulation.  If  the  auterior  roots  of 
the  nerves  supplying  the  hind  leg  of  a  recently-killed  frog  be 
divided,  the  muscles  of  the  limb  are  cut  off  from  the  centres  in 
the  spinal  cord,  and  therefore  the  leg  hangs  limply,  and  does  not 
move  if  it  is  pinched  when  the  frog  is  suspended ;  whereas  the 
limb  on  the  sound  side,  upon  which  the  anterior  roots  are  intact, 
will  move  energetically  when  the  motionless  one  is  irritated.  If 
the  distal  ends  of  the  divided  anterior  roots  be  stimulated,  the 
muscles  of  the  paralyzed  limb  are  thrown  into  action  ;  but  stimu- 
lation of  the  proximal  end  gives  no  result.     Further,  if  the  two 
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webs  of  this  frog  be  compared,  the  bloodyessela  running  acnM 
ihe  transparent  part  of  the  web  on  the  injured  side  will  be  found  ] 
to  be  fuller  than  those  in  the  web  of  the  other  limb,  but  if  the 
distal  ends  of  the  motor  roots  are  stimulated,  the  dilated  bloud- 
veseels  return  to  their  normal  calibre.  By  these  experiments  we 
are  shown  that,  together  with  fibres  to  the  skeletal  muscles,  effer- 
ent fibres  carrying  impulses  to  the  muscular  walls  of  the  vessels 
are  contained  in  the  anterior  roots  of  the  spinal  nerves. 

The  fact  that  when  the  leg  on  the  side  where  the  anterior  roots 
have  been  severed  is  stimulated,  the  other  moves,  is  sufficient  to 
show  that  the  sensory  connections  between  its  surface  and  the 
cord  are  not  destroyed  by  cutting  those  anterior  roots  ;  and  we 
may  conclude — taking  the  other  facts  just  mentioned  into  account 
— that  the  aflferent  fibres  are  situated  in  the  posterior  roots. 

We  can  confirm  this  result  by  cutting  the  ptisterior  roots  oa 
cue  side  of  a  recently-killed  frog,  and  repeating  the  stimulation 
of  the  feet. 

Pinching  the  limb  whose  posterior  roots  are  cut,  gives  rise  to  I 
no  response,  because  the  impulses  cannot  reach  the  spinal  cord  ; 
but  stimulation  of  the  sound  foot  causes  obvious  movements  of  I 
both  legs.     This  shows  that  the  section  of  the  posterior  roots  of  t 
one  limb  cuts  oil'  the  aHerent  (sensory)  communication  on  the  \ 
side  operated  on,  but  that  the  efferent  (motor)  impulses  cau  pass  \ 
freely  to  the  muscles,  even  when  the  posterior  roots  are  divided, 
for  the  limb  moves  on  pinching  the  other  foot.     Further,  if  the  I 
proximal  ends  of  the  cut  posterior  roots  be  stimulated,  motions 
are  produced  showing  that  the  centres  in  the  spinal  cord  are  in- 
fluenced by  the  afferent  impulses  carried  by  those  posterior  roots. 
On  the  other  hand,  if  the  distal  ends  of  the  cut  roots  be  stimu- 
lated no  movement  results. 

It  has  been  sometimes  found  that  stimulation  of  the  anterior 
roots  seemed  to  cause  paiu,  as  shown  by  the  motion  of  other  parts 
besides  those  to  which  this  root  was  itself  distributed  ;  and  it  was  | 
believed  that  some  sensory  fibres  must  run  in  the  anterior  roots. 
But  it  has  been  since  found  that  if  the  posterior  roots  be  first  cut 
these  signs  of  paiu  are  not  shown  when  the  anterior  roots  are 
stimulated.     From  this  it  has  been  concluded  that  the  apiiarent 
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sensory  cbannela  of  the  motor  roots  are  nothing  more  than  some 
sensory  fibres  which  pass  from  the  nerve  trunk  a  little  way  up 
the  motor  root,  and  then  turn  back  and  descend  again  to  the 
junction  of  the  roots,  whence  they  pass  along  the  posterior  root 
to  the  cord.  These  fibres  are  named  the  "  recurrent  sensory 
fibres,"  and  the  recurrent  sensibility  of  the  anterior  roots  is  not 
regarded  as  any  serious  departure  from  Bell's  law. 

The  course  of  the  secretory,  etc.,  nerves  probably  follows  that 
of  the  motor  channels  at  their  exit  from  the  cord.     Their  per- 

Fio.  20C. 


Sectioa  through  spinal  ganglion  of  a  cat,  showing  ganglion  cells  interepersed 
between  the  fibres.     (Low  power.) 


ipberal  distribution,  and  that  of  the  vasomotor  nerves,  are  inti- 
mately connected  with  the  sympathetic  system,  and  will  be  con- 
sidered further  on. 

Of  the  function  of  the  ganglia  on  the  posterior  roots  of  the 
spinal  nerves  but  little  is  positively  known.  There  is  no  evidence 
of  their  being  centres  of  reflex  action,  nor  can  they  be  shown  to 
poaaeas  any  marked  automatic  activity.  From  the  fact  that  when 
a  mixed  nerve  is  divided  the  end  cut  ofl"  from  the  ganglion  de- 
generates after  a  few  days,  these  ganglia  are  supposed  to  preside 
over  the  nutrition  of  the  tissue  of  the  nerve  itself.  And  if  the 
roots  be  cut,  that  part  of  the  posterior  root  attached  to  the  cord 
degenerates,  while  the  piece  connected  with  the  ganglion  is  well 
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Doorisbed.  TliiB  is  not  the  case  if  the  anterior  root  be  dirided, 
but,  on  the  contrary,  that  portion  next  the  cord  is  well  noorished, 
while  that  going  to  join  the  posterior  root  is  degenerated. 

It  woald  thus  appear  that  the  trophic  function  of  the  ganglia 
is  restricted  to  the  sensory  nerves,  while  the  nutrition  of  the  motor 
menres  is  provided  for  bj  nervous  centres  situated  higher  ap. 


The  Crxsial  Nkbvbs. 

The  nerves  which  pass  out  through  the  foramina  in  the  base  of 
the  skall  must  be  considered  separatelj, 
Fia.  207.  as  the  function  of  each  of  them  shows 

some  peculiarity.  Some  are  exclusively 
nerves  of  special  sense,  and  may  be  most 
conveniently  described  when  the  special 
sense  organs  are  under  consideration. 
Some  are  simple,  being  purely  motor  in 
fiinction,  while  others  are  exceedingly 
complex,  containing  many  kinds  of  fibres. 
They  may  be  taken  in  the  order  of  their 
functional  relationships,  motor  and 
mixed.  Those  which  relate  to  the  spe- 
cial senses  will  be  considered  in  future 
chapters. 


Two  oelU  from  the  for- 
mer seen  under  ■  high 
power,  showing  the  fine 
prolopltsm  here  and  (here 
retracted  from  the  cell- 
waU. 


III. — The  Motor  Oculi  Nerve. 


The  nerves  of  the  third  pair  are  the 
chief  motor  nerves  of  the  eyes.  They 
arise  from  the  gray  matter  on  the  floor 
and  roof  of  the  aqueduct  of  Sylvius,  and  pass  out  of  the  brain- 
substance  near  the  pons  from  between  the  fibres  of  the  peduncle, 
and  then  run  between  the  posterior  cerebral  and  superior  cere- 
bellar arteries.  They  pass  into  the  orbits  in  two  branches,  and 
are  distributed  to  the  following  orbital  muscles:  (1)  elevator  of 
the  eyelid ;  (2)  the  superior,  (3)  inferior,  and  (4)  internal  recti; 
and  (5)  the  inferior  oblique.  They  also  contain  fibres  which 
carry  efferent  impulses  to  the  (1)  circular  muscle  of  the  iris,  and 
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to  the  (2)  ciliary  muscle,  The  latter  branches  reach  the  eye  by 
a  short  twig  from  the  inferior  oblique  branch,  which  goes  to  the 
ciliary  ganglion,  and  thence  enter  the  ciliary  nerves. 

The  actiou  of  the  orbital  muscles  ie,  in  the  main,  under  the 
control  of  the  will,  though  they  afford  good  examples  of  peculiar 
coordination  and  involuntary  association  of  movements.  The 
contraction  of  the  pupil  by  the  action  of  the  circular  muscle 
(sphincter  pupilite)  is  a  bilateral  reflex  act,  the  afferent  impulse 
of  which  originates  in  the  retina,  passes  along  the  optic  nerves, 
and  is  transmitted,  probably  in  the  corpora  quadrigemina,  to  both 
the  third  nerves.  The  central  extremities  of  the  third  nerves 
must  have  an  intimate  connection  with  each  other  and  with  the 
optic  nerves,  for  the  diminution  in  size  of  the  pupils  follows  accu- 
rately the  increase  in  intensity  of  the  light  to  which  even  one  of 
the  retinx  is  exposed.  In  retinal  blindness  and  after  section  of 
the  optic  nerve  the  pupil  is  dilated.  The  action  of  the  ciliary 
muscle  may  be  said  to  be  voiuutary,  since  we  can  voluntarily 
focus  our  eyes  for  near  or  far  objects.  Contraction  of  the  sphincter 
pupillffi  and  of  the  internal  rectus  is  associated  with  the  contrac- 
tion of  the  ciliary  muscle  in  accommodation. 

Injury  or  disease  of  the  third  uerve  within  the  cranium  gives 
rise  to  the  following  group  of  phenomena:  (1.)  Drooping  of  the 
upper  lid  (Ptosis).  (2.)  Fixation  of  the  eye  in  the  outer  angle 
(  Ltiseitas).  (3.)  Dilatation  and  immobility  of  pupil  (Mydriasis). 
(4.)  Inability  to  focus  the  eye  for  short  distances. 

IV. — The  Trochlear  Nerve. 

This  thin  nervous  filament  arises  under  the  Sylvian  aqueduct, 
and  passes  into  the  superior  oblique  muscle,  to  which  it  carries 
voiuutary  impulses,  which  are  involuntarily  associated  with  those 
of  the  other  muscles  moving  the  eyeball.  Paralysis  of  this  mus- 
cle causes  no  very  obvious  impairment  in  the  motions  of  the  eye- 
ball when  the  head  is  held  straight,  but  it  is  accompanied  by 
double  vision,  so  there  must  be  some  displacement  of  the  eyeball. 
When  the  head  is  turned  on  one  side  the  eye  follows  the  position 
of  the  head  instead  of  being  held  in  its  primary  position.     In 
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paralysis  of  this  nerve  a  double  image  is  seen  ouly  when  looking 
downwards,  and  the  image  on  the  affected  side  is  oblique  ana 
below  that  seen  by  the  sound  eye. 


VI. — The  Abductor  Nerve  of  the  Eye. 

This  arises  in  the  floor  of  the  fourth  ventricle,  and  appears  jua 
below  the  pons  Varolii.     It  is  the  motor  nerve  of  the  external 
rectus  muscle  of  the  eye.     Paralysis  or  section  of  it  causes  interj 
nal  squint.  j 

Vn. — (PoRTio  Dura)  Motor  Nerve  of  the  Face. 

This  nerve  arises  from  a  gray  nucleus  iu  the  floor  of  the  fuurthi 
ventricle.  It  passes  with  the  other  part  of  the  seventh  ( portiii; 
mollis)  or  auditory  nerve  into  the  internal  auditory  meatus  of  tha 
temporal  bone.  It  first  passes  out  towards  the  hiatus,  and  theoj 
turns  at  a  right  angle  to  form  a  knee-like  swelling  (geniculate! 
ganglion),  and  then  runs  backwards  along  the  top  of  the  inneij 
wail  of  the  drum,  and  passing  downwards  through  a  special  canat 
in  the  bone,  comes  out  at  the  stylo-raastoid  foramen,  and  finally 
spreads  out  on  Lbe  side  of  the  face.  It  is  essentially  an  efferent 
nerve,  being  partly  motor  and  partly  secretory,  though  its  con«i 
nections  have  caused  aflereiit  functions  to  be  ascribed  to  it.  Itt 
distribution  may  be  thus  briefly  aumniarized  : 

i.  Motor  fibres. — (1.)  To  the  muscles  of  the  forehead,  eyelids^ 
uose,  cheek,  mouth,  chin,  outer  ear,  and  the  plalysma,  which  may! 
be  grouped  together  as  the  muscles  of  expression.  (2.)  To  soma 
muscles  of  mastication,  viz.,  buccinator,  posteriorbelly  of  digastric,' 
and  thestylo-hyoid— all  the  foregoing  being  supplied  by  extemali 
branches — while  iu  the  temporal  bone  it  gives  a  branch  to  (3^ 
the  stapedius  muscle,  and  also  a  branch  from  the  geniculate  gaa 
glion  named  the  great  superficial  petrosal  nerve,  which  after  a  cic^ 
cuitous  course  is  supplied  to  the  elevator  and  azygos  muscles 
the  palate  and  uvula. 

ii.  Secretory  fibres. — d.)  To  the  parotid  gland  by  the  small  SU'^ 
perficial  {petrosal  nerve,  which  sends  a  branch  to  the  otic  ganglion^ 
whence  the  fibres  pass  to  the  auriculo-temporal  nerve,  and  thea' 
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on  to  the  gland.  (2.)  To  the  submaxillary  gland  by  the  chorda 
tympaai,  which  after  traversing  the  tympanum  leaves  the  ear  by 
a  fissure  at  it«<  anterior  extremity,  then  joins  the  Ungual  branch 
of  the  fifth  to  separate  from  it  and  pass  into  the  Hiibmasillary 
ganglion  which  lies  in  close  relation  to  the  gland  (compare  Figs. 
64  and  65).  ■ 

iii.  Vaso-motor,  or  vaso-inhibitory  influences,  are  chiefly  con- 
nected with  the  secretory  function^  since  dilatation  of  the  v«»3el8 
of  the  glands  accompanies  the  iocrcased  secretion  that  follows 
stimulation  of  ttic  nerves  going  to  the  glands. 

iv.  The  following  nfl^ereut  impulses  are  said  to  travel  along  the 
track  of  the  portio  dura  aud  its  branches;  (1.)  Special  ta.steseu- 
sutions,  which  are  chiefly  located  in  the  chorda  tympaui  branch, 
may  be  explained  by  the  branches  of  communication  which  pass 
from  the  trunk  and  petrous  ganglion  of  the  glosso-pharyngeal  to 
the  portio  dura  at  its  exit  from  the  foramen,  or  by  the  connection 
in  the  drum  of  the  ear  between  the  tympanic  branch  of  the  glos- 
so-pharyngeal and  the  geniculate  ganglion  of  the  portio  dura 
through  the  lesser  superficial  petrosal  nerve.  (2.)  Ordinary  sen- 
sations, which  are  also  located  in  the  chorda  tympani,  are  said  to 
traverse  this  nerve  in  an  afferent  direction  until  it  comes  near  the 
otic  ganglion,  when  the  sensory  fibres  leave  the  chorda  aud  pass 
to  the  inferior  division  of  the  fifth  nerve  through  the  otic  ganglion. 

Injury  of  the  facial  nerve  in  any  of  the  dee|)er  parts  of  its 
course  gives  rise  to  the  striking  group  of  symptoms  known  as  facial 
paralysis,  the  details  of  which  are  too  long  to  be  given  here. 
When  it  is  remembered  that  muscles  aiding  in  expression,  masti- 
cation, deglutition,  hearing,  smelling,  and  speaking,  arc  paralyzed, 
and  that  taste,  salivary  secretion,  and  possibly  ordinary  sensation 
are  impaired,  one  can  form  some  idea  of  the  complex  pathological 
picture  such  a  case  presents. 


V. — N.  Tbiqemikiib,  or  Trifacial  Nerve, 

This  nerve  transmits  both  efferent  and  afierent  impulses,  which, 
however,  are  carried  by  two  different  strands  of  fibres.  The  motor 
part,  which  arises  from  a  gray  nucleus  in  the  tioor  of  the  fourth 
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Tcotricle,  ii  macb  the  MnalUr  of  tbe  two,  and  baa  iieea  conpared 
tn  U>e  aol«rior  root  of  a  vpioal  nerve.  Tbe  lai^gie  aeaaoty  diTWoa 
•priogi  from  a  very  extcoEiive  tract,  which  can  be  traced  from  the 
pon*  Varolii  through  the  medulla  to  the  lower  limit  of  the  olivarr 
body,  and  on  to  the  poaterior  comua  of  the  spinal  marrow.  This 
Mt  of  fibres  haa  been  likened  to  the  posterior  root  of  a  Bpinal 
Derv(!,  iK.-in((  somewhat  analogous  to  it  in  origin,  function,  au<l  the 
fact  that  there  is  a  large  ganglion  on  it  within  the  cranium. 

The  dittributinn  and  i<eriphera!  connections  of  this  nerve  are 
■omewhat  complicated,  and  should  be  carefully  studied  when  tbe 
manifold  functions  of  its  branches  are  being  considered.  The 
various  impulses  conveyed  by  the  trifacial  nerves  may  be  thus 
enumerated : 

i. — Efferent  Fibebs. 

1.  ifohr. — To  the  muscles  of  (1)  mastication,  viz.,  temporal 
masaotcrs,  both  ptorygoidx,  mylohyoid,  and  the  anterior  part  of 
tbe  digastrica  ;  (2)  to  the  tensor  muscle  of  the  t<uA  palate  ;  aud  (3) 
to  the  tensor  tympani.  (4)  In  some  auiiuak  (rabbit)  nerve  fila- 
ments also  pass  to  the  dilator  muscle  of  the  iris,  reaching  the  eye- 
ball by  the  ciliary  ganglion. 

2.  Srrretory. — The  efferent  impulses  which  stimulate  the  cells 
of  the  Inchrymnl  (;taud  to  increased  action,  pass  along  the  branches 
of  the  opiitiinlmic  division  of  this  nerve. 

8.  Viuo-motvr. — The  nerves  governing  the  muscles  of  the  blood- 
TMdoIh  of  the  eye,  of  the  lower  jaw,  and  uf  the  mucous  membrane 
of  the  cheeks  atid  gums. 

4.  Trophic — Oil  account  of  the  impairment  of  nutrition  of  the 
oyo  und  tlio  mucous  membrane  of  the  mouth,  which  occurs  after 
injury  of  the  fifth  nerve,  it  is  said  to  carry  fibres  which  preside 
over  the  trophic  arrangements  of  these  parts. 


ii. — Afferent  Fibres. 

1.  Sensory, — All  three  divisions  of  the  trifacial  nerve  may  be 
said  to  terminate  in  cutaneous  nerves,  by  which  the  ordinary  sen- 
sory impulses  are  carried  from — (1)  the  entire  skin  of  the  face, 
and  the  anterior  surface  of  the  external  ear;  (2)  from  the  exter- 
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mil  auditory  meatus ;  (3)  from  the  teeth  and  the  periosteum  of 
the  jaws,  etc. ;  (4)  from  the  mucous  membrane  HniDg  the  cheeks, 
the  floor  of  the  mouth,  and  the  anterior  part  of  the  tongue  ;  (5) 
from  the  lining  membrane  of  the  nasal  cavity  ;  (6)  from  the  con- 
junctiva, the  ball  of  the  eye,  and  the  orbit  generally;  (7)  and 
from  the  dura  mater,  including  the  tentorium. 

2.  Excito-motor. — Some  of  the  fibres  which  have  just  been  enu- 
merated as  carrying  ordinary  sensory  impressions  have  special 
powers  of  exciting  cixirdinated  reflex  motions.  Thus  the  sensory 
fibres  from  the  conjuuctiva  and  its  neighborhood  are  the  aflTerent 
channels  in  the  common  reflex  acts  of  winking  and  closing  the 
eyelids  ;  and  the  fibres  from  the  nasal  mucous  membrane  com- 
monly excite  the  complexly  coordinated  involuntary  act  of 
sneezing. 

3.  Excito-aecretory. — In  the  same  way,  aa  iu  the  case  of  reflex 
motion,  secretion  is  reflexly  excited  by  the  fibres  which  carry 
aflTerent  impulses  to  the  medulla  from  the  anterior  part  of  the 
tongue  when  the  latter  is  strongly  stimulated,  aud  thus  excite 
activity  of  the  salivary  secretion  ;  and  severe  stimulation  of  the 
mucous  membrane  of  the  nose  or  of  the  eye  causes  impulses  to 
pass  to  the  secretory  centre  of  the  lachrymal  glands,  which  are 
frequently  thus  reflexly  excited. 

Very  intense  stimulation  of  almost  any  of  the  aflTerent  nerves 
may  excite  these  reflex  phenomena.  Thus  the  most  stoic  person 
will  experience  active  secretions  of  saliva  and  lachrymal  fluid, 
as  well  as  spasmodic  closure  of  the  lids  during  the  extraction  of 
a  tooth.  Even  the  hold  use  of  a  blunt  razor  will  cause  the  tears 
to  flow  down  the  cheeks  by  sending  excito-secretory  impulses 
along  the  branches  of  the  inferior  and  superior  maxillary  divi- 
sion of  this  nerve. 

4.  TaciUf  hiipukes  are  appreciated  by  the  anterior  part  of  the 
tongue  with  remarkable  delicacy,  and  are  conveyed  by  the  lingual 
branch  of  the  fifth  nerve;  and  most  of -the  cutaneous  fibres  are 
also  capable  of  receiving  tactile  stimulation. 

5.  Tatte. — The  taster  that  are  appreciated  by  the  anterior  part 
and  the  edges  of  the  tongue  are  carried  by  fibres  which  lie  in  the 
peripheral  branches  of  this  nerve.     These,  however,  probably 
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belong  chiefly,  if  not  altogether,  to  the  chorda  tyrapani,  and  leave 
this  lingual  brauch  of  the  fifth  to  join  the  seventh  nerve  on  their 
way  to  the  trunk  of  the  glosso-pharyngeal. 

There  are  four  ganglia  in  close  relation  to  the  branches  of  the 
fifth  nerve  which  have  certain  points  of  similarity,  and  may, 
therefore,  be  considered  together,  although  their  different  posi- 
tions show  that  they  are  engaged  iu  the  performance  of  very  dif- 
ferent functions. 

We  have  not  yet  been  able  to  ascertain  the  value  of  these  little 
points  of  junction  of  motor,  sensory,  vaso-motor,  and  secretory 
fibres,  because,  so  far,  we  are  unable  to  attribute  to  the  cells  of  the 
ganglia  either  reflecting  or  controlling  action,  or  any  automatic 
power. 

They  have  all  efl^erent  (motor  and  secretory)  and  afferent  (sen- 
sory I  connections  with  the  nervous  centres,  and  also  connections 
with  the  ninin  channels  of  the  sympathetic  nerves.  These  are 
spoken  of  as  the  roota  of  the  ganglia.  Their  little  branches  are 
generally  mixed  nerves. 

The  Ciliary  or  Ophthalmic  Ganglion. 

This  ganglion  lies  in  the  orbit.  It  has  three  roots,  which  come 
from — (1)  the  inferior  oblique  branch  of  the  third  nerve,  by  a 
short  slip,  which  forms  the  motor  root ;  (2)  from  the  na.«al  brauch 
of  the  ophthalmic  division  of  the  fifth,  and  from  the  carotid  plexus 
of  the  sympathetic.  The  branches  go  mostly  to  the  ball  of  the 
eye,  and  may  bo  divided  into  those  which  are  afferent  and  efferent. 
The  afiereut  are  only  sensory  branches,  connecting  the  cornea 
and  its  neighboring  conjunctiva  with  the  centres.  The  efferent, 
or  motor  fibres,  are  those  that  go  to  the  dilator  pupiilie  (coming 
mostly  from  the  sympathetic),  and  the  vaso-motor  fibres  going  to 
the  choroid  coat,  iris,  and  the  retina. 


The  Sphenopalatine  or  Nasal  Ganolion. 


tThis  lies  on  the  second  division  of  the  fifth  nerve,  from  which 
it  gets  its  sensory  root.  Its  motor  root  comes  from  the  seventh 
by  the  great  superficial  petrosal  nerve,  and   its  sympathetic  nxit 
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from  the  carotid  plexus  by  the  branch  joining  this  nerve.  These 
enter  the  ganglion  together,  and  are  commonly  spoken  of  as  the 
vidian  nerve.  Afferent  (sensory)  impulses,  from  the  greater  part 
of  the  nasal  cavity,  pass  through  this  ganglion.  Its  efferent 
branches  are — (1)  motor  to  the  elevator  of  the  soft  palate  and  the 
aiygos  uvulse  ;  (2)  vaso-motor,  which  come  from  the  sympathetic; 
and  (3)  secretory,  which  supply  the  glands  of  the  cheek,  etc. 

One  OR  Eak  Ganglion. 

The  otic  ganglion  lies  under  the  foramen  ovale,  where  the  in- 
ferior division  of  the  fiflh  comes  out  of  the  cranium.  Its  roots 
are — (1)  motor;  and  (2)  sensory,  from  the  inferior  division  of  the 
fifth  ;  and  (3)  sympathetic,  made  up  of  a  couple  of  fine  filameuts 
from  the  plexus,  around  the  meningeal  artery.  By  its  branches 
it  communicates  with  the  seventh,  chorda  tympani,  and  sends 
filaments  to  the  parotid  gland. 

The  Submaxillart  Ganglion. 

This  is  on  the  liyoglossus  muscle  in  close  relation  tu  the  lin- 
gual branch  of  the  fifth,  from  which  it  gets  a  sensory  root.  The 
chorda  tympani  passes  to  the  ganglion,  carrying  efferent  irapulse.-! 
through  it  to  the  gland.  Its  sympathetic  branches  come  from 
the  plexus  around  the  facial  artery. 


VIII. — The  GLoeeo-PHARYNOEAL  Nerve. 

This  nerve,  forming  part  of  the  eighth  pair,  springs  from  the 
floor  of  the  fourth  ventricle  above  the  nucleus  of  the  vagus.  It 
is  a  mixed  nerve,  the  functions  of  which  may  thus  be  classified. 

Afferent  fibres,  which  are  of  various  kinds,  viz.: 

{\.)  SetMory  fibres,  carrying  impulses  from  the  anterior  surface 
of  the  epiglottis,  the  base  of  the  tongue,  the  soft  palate,  the  ton- 
sils, the  Eustachian  tube  and  tympanum. 

(2.)  Exdto-vwlor.  This  nerve  is  a  very  important  exciter  of 
refiex  movements  in  swallowing  and  vomiting,  when  a  stimulus 
is  applied  to  the  glosao-palatine  arch. 


VAXTAi.  or 


tathehMk 


(SL)  giBJH  tOTrfwj;  tW  ■!{— hriwi  oftke  Uck  of^ 
givM  riK  to  •  lufium  torn  a(  aliva  hj  wf^wi  of 

(4.;  7fa*Ce  ■rati—  «ic  Idt  ^  bom  put. 
Berrv;  tfceyawwwyrf  fi«ai|neid  mih  imI 
of  tte  tongue  (me  Taste). 

The  ^erml  JUra  are  not  ao  varied,  boqg  waplj  «M4ir  to  tba 
■idAe  oaoatrictor  of  tbe  pharyox,  tiie  ttjUt-ftmrjugBoa,  the 
elerator  of  the  soft  palate,  and  the  azygos  oTiilje. 


The  Spival  AcczaBORT  Nebtbb. 

Tbe*e  alio  form  part  of  the  eighth  pair  of  nenrea,  and  ariee 
from  the  oblong  and  the  spinal  marrow,  as  low  down  as  the 
seventh  cervictml  vertebra.  The  lower  fibres  leave  the  lateral 
coliimus  at  their  posterior  aspect,  and  then  run  ap  between  the 
denticulate  ligament  and  the  posterior  roots  of  the  spinal  nerves 
to  enter  the  cranial  cavity.  On  their  way  out  of  the  cranium 
they  divide  into  two  parts,  one  of  which  becomes  amalgamated 
with  the  vagus,  and  the  other  passes  down  the  side  of  the  neck 
as  till!  motor  nerve  of  the  sterno-roastoid  and  trapezius  muscles. 
Physiologically,  it  may  be  compared  with  the  anterior  root  of  a 
spinal  nerve,  and  the  part  accessory  to  the  vagus  most  probably 
supplies  that  nerve  with  most  of  its  motor  branches. 


The  Vagus  Nerve. 

The  vagus  arises  from  the  lower  part  of  the  floor  of  the  fourth 
ventricle,  and  hfis  connections  with  many  of  the  important  groups 
of  nerve  cells  in  this  neighborhood. 

Tho  functions  of  its  widely-distributed  Hbres  may  be  thus 
briefly  stated : 

A.  The  Kfferent  Fibres  may  be  divided  into — 

1.  Molor-nertii  chanucU,  going  to  a  great  portion  of  the  alimen- 
tary ira(!t  and  the  air-passage ;  the  following  muscles  getting 
llieir  motor  supply  from  the  branches  of  the  vagus — the  pharyn- 
gonl  rnnslriclorM,  mime  of  the  mudclos  of  the  palate,  the  cesopb- 
agus,  tho  xtonmch,  and  the  gn^ater  part  of  tiie  small  intestine. 
Motor  impulses  also  pass  along  the  trunk  of  the  vagus — thougb 
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leaving  the  cord  by  the  roots  of  the  accessory  nerve — to  the  in- 
trinsic muscles  of  the  larynx  ;  these  fibres  lie  in  the  inferior  or 
recurrent  laryngeal  nerve  except  that  to  the  crico-thyroid,  which 
lies  in  the  superior  laryngeal  branch.  The  tracheal  muscle  and 
the  smooth  muscle  of  the  bronchial  walls  are  also  under  the  con- 
trol o{  the  pulmonary  branches  of  the  vagus. 

2.  Vojio-motor  Jibreg  are  said  to  be  supplied  to  the  stomach  and 
small  intestine.  These  fibres  are  probably  derived  from  some  of 
the  numerous  connections  with  the  sympathetic. 

3.  Inhibitory  impukee  of  great  importance  for  the  regulation  of 
the  forces  of  the  circulation  pass  along  the  vagus  to  the  ganglia 
of  the  heart.  As  already  explained  ia  detail  (gee  p.  276),  these 
fibres  are  always  acting,  as  shown  by  the  fact  that  section  of  the 
vagi  causes  a  considerable  quickening  of  the  heart-beat.  On  the 
other  hand,  if  the  distal  end  uf  the  cut  vagus  be  stimulated,  the 
heart  beats  more  slowly,  and  in  some  animals  may  come  to  a 
standslill  in  a  condition  of  relaxation. 

B.  The  Afferent  Fibres,  still  more  widely  spread,  are  im- 
portant for  the  functions  of  the  various  viscera.     They  are : 

1.  Sensory  fibres  carry  impulses  from  the  pharynx,  oeaophagua, 
stomach,  and  intestine,  and  from  the  larynx,  trachea,  bronchi, 
and  the  lungs  generally.  The  pneumonia  which  follows  section 
of  the  vagi  depends  on — (1)  the  removal  of  the  sensibility,  and 
the  ease  with  which  foreign  matters  can  enter  the  air-passages ; 
or  (.2)  the  violent  breathing  necessary  when  the  motor  nerves  of 
the  larynx  are  cut;  or  (3)  the  injury  of  trophic  or  vaso-motor 
fibres. 

2.  Excito-motor  neri>es.  There  is  no  nerve  that  can  be  com- 
pared with  the  vagus  in  the  variety  of  the  reflex  phenomena  in 
which  it  participates.  Afferent  fibres  in  this  nerve  cause  spasm 
of  the  muscles  of  the  thorax  and  govern  the  respiratory  rhythm, 
and  preside  over  the  iuhaiation  of  the  air  and  excite  the  expira- 
tory muscles.  Thus  irritation  of  the  mucous  membrane  at  the 
root  of  the  tongue,  the  folds  of  the  epiglottis,  larynx,  trachea,  or 
bronchi,  causes  spasmodic  fits  of  coughing.  Irritation  of  the 
pharyngeal  or  the  gastric  fibres  gives  rise,  by  reflex  stimulation, 
to  the  act  of  vomiting. 


ifcylWifw— J|iki  fin L..  t.lWimlB«rhmtb- 
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final  result,  because  the  muscles  of  the  larynx  are  paralysed, 
and  closure  of  the  glottis  is  impossible.  A  change  in  voice  fol- 
lows the  section  or  injury  of  even  one  inferior  laryngeal,  as  may 
often  be  seen  in  man  from  the  effect  of  the  pressure  of  an  aneurism. 

IX. — Hypoglossal  Nerve. 

This  nerve  appears  in  the  furrow  between  the  olivary  body 
and  the  anterior  pyramid,  on  a  line  with  the  anterior  roots  of 
the  spinal  nerves.  It  corresponds  with  the  anterior  roots  in 
function,  being  a  purely  motor  nerve.  It  bears  impulses  to  the 
muscles  of  the  tongue  and  the  other  muscles  attached  to  the  hyoid 
bone. 

Some  sensory  fibres  lie  in  its  descending  branch,  but  these  prob- 
ably  are  derived  from  the  vagus  or  trifacial  nerves,  with  which  its 
branches  inosculate. 

It  is  also  said  to  contain  the  vasomotor  fibres  of  the  tongue. 

Section  of  the  nerve  causes  paralysis  of  the  muscles  of  the 
tongue;  wheu  this  is  unilateral,  the  tongue  inclines  to  the  injured 
side,  while  being  protruded  from  the  mouth ;  but  while  being 
drawn  in,  it  passes  to  the  sound  side.  This  is  easily  understood 
when  it  is  borne  in  miud  that  the  two  acts  depend  upon  the  in- 
trinsic muscles  of  the  tongue,  bringing  about  an  elongation  or 
shortening  of  the  oi^an  respectively. 


CHAPTER  XXX. 


SPECIAL  SENSES. 


It  lias  been  pointed  out  that  the  sensory  nerves  receive  im- 
pressions from  without  and  carry  the  irapulse  thus  excited  more 
or  less  directly  to  certain  nerve  cells  in  the  brain  where  it  liecomee 
a  sensation.  The  aflerent  nerves  arc,  then,  the  means  by  which 
the  mind  becomes  acrjuainted  with  occurrences  in  the  outer  world, 
as  well  as  the  channels  along  which  a  variety  of  stimuli  pass  to 
nerve  centres  whence  they  are  reflected  to  different  organs  and 
parts,  without  causing  any  definite  sensation  in  the  nerve  cells  of 
the  sensorium. 

The  ordinary  sensory  nerves  are  brought  into  such  relationship 
to  the  surface  that  they  are  affected  by  slight  mechanical  stimuli, 
which  throw  the  nerve  fibres  into  activity,  and  send  impulses  to 
the  brain.  But  we  are  capable  of  appreciating  many  other  im- 
pressions besides  mechanical  stimulation.  We  can  distinguish 
between  degrees  of  heat  and  cold,  when  the  difference  is  far  too 
slight  to  act  as  a  direct  nerve  stimulus.  We  can  appreciate  light, 
of  which  no  degree  of  intensity  i.s  capable  of  exciting  a  nerve  fibre 
to  its  active  state,  or  of  stimulating  an  ordinary  nerve  cell  in  the 
least  degree.  We  recognize  the  delicate  air-vibrations  called 
sound,  which  would  have  no  eflect  on  an  ordinary  nerve  ending. 
We  can  also  distinguish  several  tastes;  and  finally,  we  are  con- 
scious of  the  presence  of  incomprehenmblysmal!  quantities  of  subtle 
odors  floating  in  the  air.  When  the  amount  of  the  substance  is 
too  small  to  be  recognized  even  by  spectrum  analysis,  which 
detects  extraordinarily  minute  quantities,  we  can  perceive  an  odor 
by  our  olfactory  organs. 

There  must  then  be  a  special  apparatus  for  the  reception  of  each 
of  these  special  impressions  in  order  that  the  nervous  system  be 
acces.sible  to  such  slender  influences.  In  fact  special  mechanisms 
must  exist  by  means  of  which  heat,  light,  sound,  tastes,  and  odor 
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The  ■mil  which  cuTy  the  Mfha  fraa  dM  iwieiM 
of  lyedsl  atMe  do  DoC  difler  fiRMB  o(har  awTow  cords,  Mikr  w 
ihgjr  mtfre  and  ffbiliriBi  tg  toaeentd.  Bat  bcndw  tMr 
■fKcU  cad  OC0UH  tlwyan  eoiiMcted  with  Mm  cOh  ia  th« 
hcKB,  the  cole  daty  ef  which  ie  to  raodve  iapabee  ftoai  eaa  of 
the  ipedal  leote  ocgaaa  mad  eooTert  the  same  into  a  sfwcial  aaa- 
MtiMi.  No  BMtter  bj  what  a»eaaa  a  aeirs  tnuk  ft«a  •  ■facial 
■eaoe  otpm  be  itiBialated,  the  iatpobe  exeitM  ia  tha  aMMorian 
the  fwatioo  aoBally  ariaag  from  &timul«iioa  of  the  spaeia)  ot^aa 
to  which  it  bdoi^Sy  Thos  electric  stimulation  of  nervaa  ia  tha 
toogne  cauieB  a  eeitain  taste ;  mechanical  or  other  lUaialatie*  of 
the  optic  nenre-trunk  gives  rise  to  the  sensation  of  flashes  of  light, 
and  a  penieteot  odor  may  be  caused  br  the  prvsence  of  a  boay 
growth,  preasiBg  opon  the  olfactorj  nerve. 

The  capability  of  the  nerre  centres  connected  witit  the  uervta 
of  special  sense  to  give  rise  invariably  to  a  special  sensation,  h 
called  their  tpeeifie  energy.  And  the  special  iufluenc^,  Hght,souad, 
etc.,  which  alone  suffioee  to  excite  the  special  pcripht^ral  torminal, 
and  which  the  given  terminal  alone  can  convort  into  a  nerve 
stimulus,  may  be  called  its  tpeeifie  or  adequate  Mimultu. 

Although  we  habitually  refer  the  sensation  to  the  siirl'iuv  whrrr 
the  stimulus  is  applied,  as  if  we  really  felt  with  our  skin,  and 
recognized  sound  sensations  with  our  ears,  etc.,  the  srusntion  only 
occun  in  the  centres  iu  the  brain.  This  is  obvious  from  what 
has  been  already  said  of  the  nerve-fibres  of  the  s|H>rini  souse 
organs,  namely,  that  if  a  8timulu.s  be  applied  to  tho  nerve  trunk 
the  same  sensation  is  produced  as  if  the  specific  stiiiiiilalion  had 
operated  on  the  special  nerve  tcriuiiial  from  vvhicli  ihvtw  libre* 
habitually  carried  impressions.  This  peripliernl  locHruntioii  of 
seusatious  is  really  accomplished  in  the  mind,  just  iia  hy  a  nii'ntal 
act  of  a  difl'ereiit  character,  the  impressions  ci»intiiuiiiented  by  rho 
eye  are  projected  into  the  space  about  us  in  our  lliini;,'litH,  iiiHd'ud 
of  being  referred  to  the  retina,  or  thought  of  as  boiuK  produced  in 
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the  eye  itself.  This  power  of  the  centres  of  the  sensorium  to  lo- 
calize inipressioQS  to  cerlain  points  of  the  skin,  and  to  project  into 
space  the  stimulation  caused  by  the  light  reflected  from  distant 
objects,  so  as  to  get  a  distinct  and  accurate  idea  of  their  position, 
is  the  result  of  experience  and  habit,  which  teach  each  individual 
that  when  a  certain  sensation  is  produced,  it  means  the  stimulation 
of  a  certain  point  of  the  skiu,  and  that  the  objects  we  see  are  not 
in  our  eyes,  where  the  impulse  starts,  but  at  some  distance  from 
us.  We  learn  this  from  a  long  series  of  uuconscious  experiments 
carried  on  in  our  early  youth  by  movements  of  the  eyes  with  co- 
operation of  the  hands.  Even  the  sensations  which  arise  in  the 
various  centres  of  the  sensorium,  as  the  result  of  internal  or  cen- 
tral excitations,  are  from  habit  attributed  to  external  influences, 
and  thus  we  have  various  haliucinatioris  an<l  delusions,  such  as 
seeing  objects  or  hearing  sounds  which  only  exist  in  the  brain. 

The  sensations  produced  in  our  nerve  centres  as  the  result  of 
the  afferent  impulses  coming  from  our  special  sense  organs  give 
rise  to  a  form  of  knowledge  calle<l  perception ;  each  perception  or 
impulse  causing  an  appreciable  sensation,  helping  to  make  up  our 
knowledge  of  the  outer  world  and  of  ourselves,  for  without  this 
power  of  perception  we  couttl  have  no  notion  of  our  own  existence 
and  no  ideas  of  our  surrouudiugs;  in  fact  we  should  be  cut  off 
from  all  sources  of  knowledge  and  be  idiots  by  deprivation  of  all 
intelligence  from  without. 

A  complete  special  sense  apparatus  may  then  be  said  to  be 
made  up  of  the  following  parts: 

1.  A  special  nerve-ending  only  capable  of  being  excited  by  a 
special  adequate  stimulm. 

2.  An  afiereot  nerve  to  couduct  the  impulses  from  the  special 
end-organ  to  the  nerve  centre. 

3.  Nerve  cells  forming  a  centre,  which  is  capable  by  specific 
energy  of  translating  the  nerve  impulse  into  a  aentation,  and 
which  sensation  is  commonly  referred  to  some  local  point  of  the 
periphery. 

4.  Associated  nerve  centres,  capable  of  perceiving  the  sensations, 
forming  notions  thereon,  and  drawing  conclusions,  from  the  present 
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and  past  perceptions,  as  to  the  intensity,  position,  quality,  etc.,  of 
the  external  influence. 

Skin  Sensations. 

The  sensations  arising  from  the  many  impulses  sent  from  the 
skin  come  under  the  head  of  special  sense,  and  are  commonly 
grouped  together  under  the  uame  of  the  Seine  of  Touch.  This 
special  sense  may,  however,  be  resolved  into  a  number  of  specific 
sensations,  each  of  which  might  be  considered  as  a  ilistiiict  kind 
of  feeling,  but  usually  are  regarded  as  simply  giving  different 
qualities  to  the  seusation  excited  by  the  skin.  These  sensations 
are :  (1.)  Tactile  Sensation,  or  sensation  proper,  by  means  of  which 

Fio.  208. 


Drawing  from  a  section  of  iiijeoteil  skin,  showing  lliree  papilloe,  the  cen- 
Iral  one  ctmtaining  a  tuctilu  (.■orpiiscle  (a),  which  is  connected  with  a  nied- 
tillatei)  nervi',  and  ihose  at  each  side  are  occupied  by  veasoln.     (Cailiut.) 

we  appreciate  a  very  gentle  contact,  and  recognize  the  locality  of 
BtimulalioL),  and  judge  of  the  position  and  form  of  bodies;  (2.) 
the  sense  of  pressure;  (3.)  and  the  sense  of  temperattire. 

The  variety  of  perceptions  derived  from  the  cutaneous  surface, 
and  the  large  extent  of  surface  capable  of  receiving  impressions, 
make  the  skin  the  most  indispensable  of  the  special  sense  organs, 
though  we  value  this  source  of  our  knowledge  but  little.  If  we 
could  not  place  our  hamis  as  feelers  on  near  objects  to  investigate 
their  surfaces,  etc.,  we  should  lose  an  important  source  of  infor- 
mation that  has   contributed   largely   to   our  visual  judgment. 
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We  think  we  know  by  the  look  of  a  thing  what  we  originallj 
learned  by  feeling  it.  If  our  coujunctivte  did  not  feel,  we  should 
miss  its  prompt  warning,  and  our  voluntary  raovetnents  could  not 
protect  our  eyes  from  many  unseen  injuries  that  normally  never 
trouble  us.  If  the  ekin  were  senseless  it  would  require  constant 
mental  effort  to  hold  a  pen,  and  our  power  of  standing  and  pro- 
gressing would  be  most  seriously  impaired.  And  how  utterly  cut 
off  from  the  outer  world  should  we  be,  were  we  incapable  of  feel- 
ing heat  and  cold,  the  presence  or  absence  of  clothing,  etc. 


Nekve-Endings. 

Although  the  end-organs  of  the  nerves  of  the  skin  are  the  sim- 
plest of  all  those  belonging  to  the  apparatus  of  special  sense,  yet 
we  have  but  a  very  imperfect  knowledge  of  their  immediate  rela- 
tionships to  the  different  qualities  or  varieties  of  touch  impressions. 
We  are  familiar  with  several  different  nerve-endings  which  are 
special  terminals  adapted  for  the  reception  of  certain  kinds  of  im- 
pressions, but  what  kinds  of  stimuli  affect  the  different  terminals 
we  do  not  accurately  know.     They  may  be  thus  enumerated  : 

1.  The  roMc/(-co»7)i<»c&«  (Meissuer)  are  egg-shaped  bodies  situ- 
ated in  the  papillse  of  the  true  skin,  underlying  directly  the  epi- 
thelial cells  of  the  rete  mucosum.  They  occupy  almost  the  entire 
papilla.  The  nerve  fibres  seem  to  be  twisted  around  the  corpus- 
cle in  a  spiral  manner,  while  the  axis  cylinders  enter  the  body, 
and  the  covering  of  the  nerve  becomes  amalgamated  with  its  outer 
wall.  The  touch -corpuscles  vary  in  size  in  different  parts  of  the 
skin  ;  usually  being  larger  where  the  papilhe  in  which  they  lie  are 
well  developed.  The  exact  mode  of  ending  of  the  axis  cylinder 
is  not  satisfactorily  understood. 

2.  End-bnlbi  ( Krause)  are  smaller  than  the  last,  and  are  less 
generally  distributed  over  the  surface  of  the  body,  being  localized 
to  certain  parts.  They  are  chiefly  found  in  the  conjunctiva  and 
mucous  membranes  of  the  mouth  and  extenial  generative  organs. 
They  consist  of  a  little  veeiele  containing  fluid  in  which  the  axis 
cylinder  of  a  nerve  terminates,  the  membrane  which  forms  the 
vesicle  of  the  bulb  being  fused  with  the  sheath  of  the  nerve. 
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Many  different  shapes  and  varietiea  of  these  bodies  have  been 
described,  but  there  seem  to  be  no  very  deBnite  morphological  or 
physiological  distinctions  between  the  different  varieties. 

3.  Touch-celk  (Merkel)  are  found  in  the  deeper  layers  of  the 
epidermis  of  man  as  well  as  in  the  tongues  of  birds ;  they  are  large 
cells  with  distinct   nuclei   and   nucleoli.     Frequently  they  are 
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Fig.  209. — End  hull)  from  human  conjunctiyo,  treated  with  osmic  acid, 
showing  cells  of  core.  ( Longworlb.) — a,  Nerve  fibre  ;  A,  nucleus  of  sheath ; 
e,  nerve  fibre  within  core ;  d,  cells  of  core. 

Fio.  210. — Tactile  corpuscle  from  tbe  duck's  tongae,  containing  two  tac- 
tile cells,  between  which  lies  the  tactile  disk.    (Izquierdo.) 


grouped  together  in  masses  and  surrounded  by  a  kind  of  sheath 
of  contiective  tissue;  in  which  condition  they  resemble  touch-cor- 
puscles. 

4.  Free  nerve-endingt  occur  on  the  surface  of  the  epithelium  of 
the  mucous  membranes,  and  are  seen  on  the  surface  of  the  cornea. 
Here  delicate,  single  strands  of  nerve-fibrils  can  be  seen  after  gold 
staining,  passing  between  the  epithelial  cells  and  ending  at  the 
surface  in  very  minute  blunted  points  or  knobs. 

Naked  nerve-fibrils  have  also  been  traced  into  the  deeper  layers 
of  the  epidermis  of  the  skin,  where  they  end  among  the  soft  cells 
of  the  mucous  layer,  either  in  branched  cell-like  bodies  (Langer- 
haus),  or  delicate  loops  (Ranvier). 

In  the  subcutaneous  fat-tissue  as  well  as  in  parts  remote  from 
the  surface  are  large  bodies,  easily  visible  to  the  naked  eye,  com- 
monly called — 
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5.  Pacinian  eorpiueia.  They  are  ovoid  bodies  made  up  of  a 
great  number  of  concentrically  arranged  layers  of  material,  of 
varying  consistence,  with  a  collection  of  fluid  in  the  centre  in 
which  an  axis  cylinder  ends.  There  ia  uo  doubt  that  they  are  the 
terminals  of  afferent  nerves,  but  if  they  belong  to  the  sense  of  touch, 
which  is  doubtful,  it  is  unknown  to  what  special  form  of  sensation 
they  are  devoted.     From  their  comparatively  remote  relation  to 

Fio.  211. 


Drawing  of  termination  of  nerves  on  the  surface  of  the  mbbit'H  cornea. 
— a,  Nerve  fihrc  of  sub-epithelial  network ;  b,  Fine  fibres  entering  epitbelium ; 
c,  Intra-epillielial  network.    (Klein.) 

the  skin,  lying  some  distance  beneath  it  and  not  in  it,  as  are  the 
other  endings  mentioned — they  are  probably  connected  with  the 
appreciation  of  pressure  sensations  rather  than  those  more  properly 
called  tactile. 

The  sense  of  touch  must  be  carefully  distinguished  from  ordi- 
nary sensibility  or  the  capability  of  feeling  pain,  which  is  not  a 
tpeeicU  but  a  general  sensation,  and  ia  received  and  transmitted  by 
different  nerve  channels.  This  we  know  from  the  facts,  that  the 
mucous  passages  in  general  can  receive  and  transmit  painful  but 
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not  tactile  impression?,  aud  that  ia  the  spinal  cord  the  sensory  and 
tactile  impulses  pftss  along  distinct  tracts.  Further,  certain  nar- 
cotic poisousdestroyordiiiary  sensation  without  removing  the  sense 
of  touch.  This  effect  is  also  brought  about  by  cold,  when  for  in- 
stance the  fingers  are  benumbed,  gentle  contact  excites  tactile  ina- 
pressious,  while  the  ordinary  sensatious  of  pain  can  only  be  aroused 
with  difficulty  even  by  severe  pressure. 

However,  most  of  the  nerves  we  are  in  the  habitof  calling  sen- 
sory nerves  convey  tactile  impressions,  and  speaking  generally  the 
parts  of  the  outer  skin  which  have  the  keenest  tactile  sense  are 
also  the  most  ready  to  excite  feelings  of  pain. 

The  intensity  of  the  stimulation  for  the  sense  of  touch  must  be 
kept  within  certain  limits  in  order  that  it  be  adeqtiale,  i.e.,  capable 
of  exciting  the  specific  mental  perceptions.  If  the  stimulus  exceed 
these  limits,  only  a  general  impression,  namely  that  of  pain,  is 
produced. 

The  power  of  forming  judgments  by  feeling  an  object  differs 
very  much  in  different  parts  of  the  body,  being  generally  most 
keen  where  the  surface  is  richest  in  touch  corpuscles,  namely,  the 
palmar  aspect  of  the  hands  and  feet,  and  especially  the  finger-tips, 
the  tongue,  the  lips,  and  the  face. 

When  we  feel  a  thing  in  order  to  learn  its  properties,  we  make 
use  of  all  the  qualities  of  which  our  sense  of  touch  is  made  up. 
We  estimate  the  number  of  points  at  which  it  impinges  on  our 
finger-tip,  we  rub  it  to  judge  of  smoothness,  we  press  it  to  find  out 
its  hardness,  aud  at  the  same  time  we  gain  some  knowledge  of  its 
temperature  and  power  of  absorbing  heat. 

To  get  a  clear  idea  of  our  complex  sense  of  touch  we  must  con- 
sider each  of  the  different  kinds  of  impressions  separately. 


Sense  of  Locality. 

By  this  is  meant  our  power  of  judging  the  exact  position  of 
any  point  or  points  of  contact  which  may  be  applied  to  the  skin. 
Thus,  if  the  point  of  a  pin  be  gently  laid  on  a  sensitive  part  of 
the  skin,  we  know  at  once  when  we  are  touched,  and,  if  a  second 
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pin  be  applied  in  the  same  neighborhood,  we  feel  the  two  points 
of  rnntact  and  can  judge  of  their  distance  from  one  another  and 
thnir  relative  poeition.  When  we  feel  a  body  we  receive  im- 
puhMR  from  many  pointa  of  contact  bearing  varied  relationships 
to  each  other,  and  thus  we  become  conscious  of  a  rough  or  a  smooth 
surface. 

The  delicacy  of  the  sense  of  locality  d  lifers  very  much  in  dif- 
ferent parts  of  the  skin.  It  is  most  accurate  in  those  parts  which 
hare  been  used  as  touch  organs  during  the  slow  evolution  of  the 
animal  kingdom. 

The  method  of  testing  the  delicacy  of  the  sense  of  locality  is 
simply  to  apply  the  two  points  of  a  compass  to  the  difierent  parts 
of  the  gkiii,  and  by  varying  their  position,  experimentally,  deter- 
mine the  nearest  distance  at  which  the  two  points  give  rise  to 
distinct  sensations.  The  following  precautions  must  be  attended 
to  in  carrying  out  this  experiment.  1.  The  points  must  be  simul- 
taneously applied  or  the  two  distinct  sensations  will  be  produced 
even  at  very  close  distances.  2.  The  force  with  which  the  points 
are  applied  must  be  equal  and  minimal,  because  excessive  press- 
ure causes  a  diffusion  of  the  stimulus  and  a  blurring  of  the  tactile 
senses.  3.  Commencing  with  a  greater  and  gradually  reducing 
the  distance  of  the  points  enables  a  person  to  appreciate  a  less 
separation  than  if  the  smaller  distances  were  used  at  first.  4. 
The  duration  of  the  stimulus;  two  points  of  contact  being  dis- 
tinguished at  a  much  nearer  distance  if  the  points  be  allowed 
to  rest  on  the  part,  than  when  they  are  only  applied  for  a  moment. 
5.  The  temperature  and  material  of  the  points  should  be  the 
same.  6.  Moisture  of  the  surface  makes  it  more  sensitive.  7. 
Previous  or  neighboring  stimulation  takes  from  the  accuracy 
of  the  sensations  produced.  8.  The  temperature  of  the  difierent 
parts  of  the  skin  should  be  equal,  as  cold  impairs  its  sensibility. 

The  following  table  gives  approximately  the  nearest  distances 
at  which  some  parts,  which  may  be  taken  as  examples  of  the  most 
and  least  sensitive  regions  of  the  skin,  can  recognize  the  points  of 
contact  by  their  giving  rise  to  two  distinct  sensations: 
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Tip  of  the  tongue,  . 1  mm. 

Palmar  up«ct  of  the  middle  finger-tip,  .         .        .  2  " 

Tip  of  the  noee, 4  " 

Back  of  the  hand 15  " 

Plantar  surface  of  great  toe, 18  " 

Forearm ,  anterior  surface 40  " 

Front  of  1  high, 55  " 

Over  cnniform  cartilage, 50  " 

Between  scapulit 70  " 

If  one  point  of  the  compass  be  applied  to  the  same  spot,  and 
the  other  moved  around  so  as  to  tnark  out  in  different  directions 
the  limit  at  which  the  points  can  be  distinguished  as  separate,  we 
get  an  area  of  a  somewhat  circular  form,  for  which  the  nair^p  sen- 
sory eirde  has  been  proposed.  It  would  be  very  convenient  to 
explain  this  on  the  simple  anatomical  basis  that  the  impressions 
of  this  area  were  carried  by  one  nerve-fibre  to  the  brain,  and  thus 
but  the  one  sensation  could  -be  produced  in  the  sensorium.  But 
we  know  this  cannot  be  the  true  explanation,  because  of  the  fol- 
lowing facta:  l.-No  such  anatomical  relationship  is  known  to 
exist.  2,  By  practice  we  can  reduce  the  area  of  our  sensory 
circles  in  a  manner  that  could  not  be  explained  by  the  develop- 
ment of  new  nerve-fibres.  3.  If  the  two  points  of  the  compass  be 
placed  near  the  edges  of  two  well-determined  neighboring  sensory 
circles,  and  so  in  relation  with  the  terminals  of  two  nerve-tibres, 
they  will  not  give  distinct  impressions ;  in  fact  they  require  to 
be  separated  just  as  far  as  if  they  were  applied  within  the  boundary 
of  one  of  the  circles  where  they  also  give  rise  to  the  double  per- 
ception. 

To  explain  better  the  sense  of  locality  it  has  been  supposed  that 
sensory  circles  are  made  up  of  numerous  small  areas,  forming  a 
fine  mosaic  of  touch-Jieldt,  each  of  which  is  supplied  by  one  nerve- 
fibre,  and  that  a  certain  number  of  these  little  fields  must  intervene 
between  the  stimulating  points  of  the  compasses  in  order  that  the 
tensormm  be  able  to  recognize  the  two  impulses  as  distinct.  For, 
although  every  touch-field  is  supplied  by  a  separate  nerve-fibril 
which  carries  its  impulses  to  the  brain,  and  is  therefore  quite  sensi- 
tive, the  arrangements  in  the  sensorium  are  such  that  the  stimuli 
carried  from  two  adjoining  touch-fields  are  confused  into  one  seusa- 


542 


MANUAL  OF  PHYBIOtOOY. 


tioD.  Thus,  when  an  edge  is  placed  on  our  skiu,  we  do  not  feel  a 
series  of  points  corre-spondiu},'  to  the  individual  fields  with  which 
it  comes  in  contact,  but  the  confusion  of  the  stimuli  gives  rise  to 
an  uninterrupted  sensation,  and  we  have  a  right  perception  of  the 
object  touched. 

The  Sense  of  Pressure. 

There  seems  to  be  a  reason  for  separating  the  perception  of  dif- 
ferences in  the  degree  of  pressure  exercised  by  a  body  from  the 
simple  tactile  or  locnl  impression.  If  we  support  a  part  of  the 
body  so  that  no  muscular  effort  be  called  into  play  in  the  support 
of  an  increasing  series  of  weights  placed  upon  the  same  area  of 
skin,  we  can  distinguish  tolerably  accurately  between  the  different 
weights.  It  has  been  found  that  if  a  weight  of  about  30  grammes 
be  placed  on  the  skin  a  difference  of  about  1  gramme  can  be  recog- 
nized— that  is,  we  can  distinguish  between  29  and  30  grammes, 
if  they  are  applied  soon  after  one  another.  If  the  weights  em- 
ployed are  smaller,  a  less  difference  can  be  detected ;  if  larger 
weights  are  used  the  difference  must  be  greater,  and  it  appears 
that  the  weight-difference  always  bears  the  same  proportion  to  the 
absolute  weight  used.  We  caa  perceive  a  difference  between  7t 
and  7^,  14^  and  15,  29  and  30,  58  and  60,  etc.,  the  discriminating 
jx)wer  decreasing  in  proportion  as  the  absolute  degree  of  stimula- 
tion increases. 

One  of  the  reasons  why  the  sense  of  locality  is  regarded  as  dis- 
tinct from  that  of  pressure  is  that  the  latter  is  found  not  to  be 
most  keenly  developed  in  the  same  parts  where  the  impressions 
of  locality  are  most  acute.  Thus  judgment  of  pressure  can  be 
more  accurately  made  with  the  skin  of  the  forearm  than  the 
finger-tip,  which  is  nine  times  more  sensitive  than  the  former  to 
ordinary  tactile  impressions,  and  the  skin  of  the  abdomen  has 
an  accurate  sense  of  pressure  though  deficient  in  ordinary  tactile 
sensation. 

It  has  been  said  above  that  the  weights  by  which  pressure- 
sense  is  to  be  tested  should  be  applied  rapidly  one  afler  the  other. 
This  facts  depends  upon  the  share  taken  in  the  mental  judgment 
by  the  function  we  call  memory.    In  a  short  time  tlie  recollection 
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of  the  impression  passes  away  and  there  no  longer  exists  any 
sensatiou  with  which  the  new  stiniittatiou  caa  be  compared. 

At  best  we  can  form  hut  imperfect  judgments  of  pressure  by 
the  skin  impressions  alone.  When  we  want  to  judge  the  weight 
of  a  body  we  poise  it  in  the  free  hand,  which  is  moved  up  and 
down  so  as  to  bring  the  muscles  which  elevate  it  into  repeated 
action.  Hereby  we  call  into  action  a  totally  different  evidence, 
namely,  the  amount  of  muscle  power  required  to  raise  the  weight 
in  question,  and  we  find  we  can  arrive  at  much  more  accurate 
conclusions  by  this  means.  The  peculiar  recoguition  of  how 
much  muscular  effort  is  expended  is  commonly  spoken  of  as 
mu8c/e-«CTisfi,  which  may  arise  from  a  knowledge  of  how  much 
voluntary  impulse  is  expended  in  exciting  the  muscles  to  action, 
but  more  probably  it  depends  upon  afferent  impulses  arriving  at 
the  sensorium  from  the  muscles.  By  its  means  we  aid  the  pres- 
sure-sense in  arriving  at  accurate  conclusions  of  the  weight  of 
bodies,  so  that  in  the  free  hand  we  can  distinguish  between  39 
grm.  and  40  grm. 

Temperature  Sense. 

We  are  able  to  judge  of  the  differences  in  temperature  of  bodies 
which  come  in  contact  with  our  skin.  Since  our  sensations  have 
no  accurate  standard  for  comparison  we  are  unable  to  form  any 
exact  conception  of  the  absolute  temperature  of  the  substances 
we  feel.  The  sensatiou  of  heat  or  cold,  derived  from  the  skin 
itself,  without  its  coming  into  contact  with  anything  but  air  of 
moderate  temperature,  varies  with  many  circumstances,  and  bo- 
cause  of  these  variations  the  powers  of  judgment  of  high  or  low 
temperature  must  be  imperfect.  The  skin  feels  hot  when  its 
bloodvessels  are  full ;  it  feels  cold  when  they  are  comparatively 
empty.  An  object  whose  temperature  is  the  same  can  thus  give 
the  impression  of  being  hot  or  cold  according  as  the  skin  itself  is 
full  or  empty  of  warm  blood.  But  independent  of  any  very 
material  change  in  the  blood-supply  of  the  cutaneous  surface  of 
a  part,  any  change  in  the  temperature  of  its  surroundings  causes 
a  sensation  of  change  of  temperature,  which  is,  however,  a  purely 
relative  judgment.     Thus,  if  the  hand  be  placed  in  cold  water, 
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we  have  at  firat  the  sensation  of  cold  ;  to  which,  however,  the 
skin  of  the  hand  soon  beeonies  accustomed  so  as  no  longer  to 
excite  the  sensation  of  cold  ;  if  now  the  hand  l>e  placed  in  water 
aomewhat  warmer — but  not  higher  in  temperature  than  the  atmos- 
phere— we  have  a  feeling  of  warmth.  If  the  hand  b«  now  placed 
in  as  hot  water  an  the  skin  can  beAr,  it  feels  at  first  unpleasantlj 
hot,  but  this  feeling  soon  passes  away  and  the  sensation  is  com- 
fortable. If  now  from  this  hot  water  it  be  placed  again  in  the 
water  of  the  air  temperature,  this — which  before  felt  warm — now 
feels  very  cold. 

An  important  item  in  the  estimation  of  the  temperature  of  an 
olijvcl  by  the  sensations  derived  from  the  skin  depends  upon 
whether  it  be  a  good  or  a  bad  con<luctor  of  heat.  Those  sub- 
dances  wliieh  are  good  conductors,  and  therefore,  when  colder 
than  the  body,  quickly  rob  the  skin  of  its  heat,  are  said  to  feel 
cold,  wliilst  badly-conducting  bodies,  of  exactly  the  same  tern* 
pcruturc,  do  nut  feel  cold.  It  is  then  the  rapid  loss  of  heat  that 
gives  rise  to  the  sensation  of  cold. 

The  power  of  the  skin  iu  recognizing  changes  of  temperature 
is  very  accurate,  although  the  power  of  judging  of  the  absolute 
degree  of  temperature  is  very  slight. 

By  dipjiiug  the  finger  rapidly  into  water  of  varying  tempera- 
ture it  has  been  fuuud  that  the  skin  can  distinguish  between  tem- 
peratures which  differ  by  only  i"  Cent,  or  i°  Fahr.  The  time 
rtiquired  for  the  arrival  of  temperature  impressions  at  the  brain 
\H  ri^niirkubly  long  when  compared  with  the  rate  at  which  ordi- 
nary tactile  impultteM  travel.  To  judge  satisfactorily  of  the  tem- 
jjcrature  of  an  object  we  must  feel  it  for  some  time. 

There  must  be  special  nerve-eudinga  which  are  capable  of  re- 
ceiving heat  impressions,  because  warmth  applied  to  the  nerve 
fibres  themselves  is  not  ca|iable  of  giving  rise  to  the  sensation  of 
heat.  Thermic  stimuli,  no  doubt,  do  affect  nerve  fibres,  but  only 
cause  the  sensation  of  pain  when  applied  to  them. 

These  uerve-endings  are  not  the  same  as  those  that  receive 
touch  and  pressure  impressions,  because  the  appreciation  of  tem- 
perature differences  is  not  most  delicately  developed  in  the  parts 
where  the  tactile  sensations  are  most  acute.    Thus  the  cheeks 
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and  the  eyelids  are  especially  sensitive  to  changes  of  temperature, 
a  fact  known  by  people  who  want  a  ready  gauge  of  the  heat  of  a 
body — thus,  a  barber  approaches  the  curling-tongs  to  his  cheek 
to  measure  its  temperature  before  applying  it  to  the  hair  of  his 
client.  The  middle  of  the  chest,  moreover,  is  very  sensitive  to 
heat,  while  it  is  dull  in  feeling  tactile  impressions. 

The  band  is  far  from  being  the  best  gauge  of  temperature,  for 
heat  appreciation  is  not  developed  in  a  due  proportion  to  the 
keenne^  of  the  tactile  sensibility.  The  larger  the  surface  ex- 
posed to  changes  of  temperature  the  more  accurate  the  judgment 
at  which  we  can  arrive — the  slightest  changes  being  at  once  ret- 
ognized  when  the  entire  surface  of  the  body  is  exposed  to  them. 
The  foregoing  facts  are  well  known  to  persons  in  the  habit  of 
testing  the  temperature  of  a  warm  bath  without  the  aid  of  a 
thermometer;  they  do  not  use  the  limited  surface  of  a  sensitive 
tactile  finger-tip,  but  plunge  the  entire  arm  into  the  water.  The 
elbow,  indeed,  is  the  common  test  used  by  nurses  in  ascertaining 
that  the  water  in  which  they  are  about  to  wash  an  infant  is  not 
too  warm  for  that  purpose. 

Great  extremes  of  heat  or  cold,  such,  in  fact,  as  would  act  as 
stimuli  to  a  nerve  fibre,  do  not  give  rise  to  sensations  of  difiereol 
temperatures,  but  simply  excite  feelings  of  pain.  Thus,  if  one 
plunges  one's  hand  into  a  freezing  mixture  or  into  extremely  hot 
water,  it  is  difficult  to  say  at  once  whether  they  are  hot  or  cold — 
in  both  cases  pain  being  the  only  sensation  produced. 


General  Sensationb. 

We  call  general  sensations  those  feelings,  pleasurable  or  other- 
wise, which  can  be  excited  in  us,  without  our  Leiog  able  to  refer 
them  to  external  objects,  or  compare  their  sensation  with  those  of 
the  special  senses,  or  even  to  describe  their  exact  mode  of  percep- 
tion. Under  this  head  are  enumerated  Pain,  Hunger,  Thirst, 
Nausea,  Giddiness,  Shivering,  Titillation,  Fatigue,  etc. 

Of  these  only  pain  is  commonly  referred  to  any  given  part, 
and  the  attempt  to  localize  pain  with  exactness  soon  shows  how 
very  different  is  our  power  in  this  respect  in  the  case  of  pain  and 
in  the  case  of  tactile  impressions.     Thus,  when   we  strike  our 
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"  funny-boue  "  (the  ulnar  nerve  passing  over  the  condyle  of  the 
humerus),  by  the  tactile  impressions  of  the  skin  we  know  the 
elbow  is  the  injured  part,  but  the  locality  of  the  pain  is  not  so 
exactly  to  be  determined,  for  it  shoots  down  the  arm  to  the  little 
finger,  and  is  indefinitely  spread  over  the  region  to  which  the 
nerve  is  distributed. 

In  studying  the  laws  which  govern  the  perception  of  painful 
impre^ssions  we  must  make  the  experiments  upon  ourselves,  since 
we  alone  can  form  concluaious  from  the  seosntious  produced. 

The  best  way  to  carry  out  experiments  upon  pain  is  to  use  ex- 
tremes of  temperature,  as  we  cau  thus  graduate  the  stimulation. 
Tlie  application  of  a  liquid  over  50"  C,  or  below  2°  C,  causes 
paiu.  The  suddenness  of  application  to  the  part,  and  its  dura- 
tion, and  the  extent  of  surface,  as  well  as  the  previous  tempera- 
ture, have  important  iufluence  in  the  amount  of  pain  produced. 

The  various  kinds  of  pain  which  we  are  all  more  or  le» 
familiar  with  ?eem  to  be  related  in  some  way  to  their  mwle  of 
production,  but  we  are  unable  to  assign  any  definite  cause  for 
these  differences  of  character.  Thus,  though  such  terms  as  shoot- 
ing, stabbing,  burning,  throbbing,  boring,  racking,  dragging 
pain,  have  a  tolerably  clear  meaning  in  general,  and  may  be  of 
diagnostic  value,  we  have  ouly  an  indistinct  knowledge  that 
throbbing  depends  on  excessive  vascular  distension  in  a  part,  that 
sharp  paius  are  produced  by  sudden  excitation  of  a  sensitive  part, 
and  the  dull  pains  by  the  more  permanent  stimulation  of  a  part 
less  well  supplied  with  nerves. 

Further,  pain  as  we  think  of  it  is  a  complex  mental  process, 
made  up  of  many  items,  such  as  real  sensory  impressions,  fear, 
disgust,  etc.  When  a  finger  is  being  lanced  patients  often  cry 
out  most  loudly  before  they  are  touched  with  the  knife,  and  show 
intense  feeling  when  they  look  at  the  blood  flowing  from  the 
wound. 

Hunger  and  thirst  are  peculiar  and  indefinite  sensations  which 
are  experienced  when  some  tinae  has  elapsed  since  food  or  drink 
has  been  takeu.  The  exact  part  of  the  nervous  system  in  which 
these  impressions  arise  has  not  been  determined.  They  are,  how- 
ever, said  to  be  associated  with  peculiar  sensations  in  the  stomach 
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and  throat  respectively.  In  the  same  way  the  venereal  appetite, 
though  associated  with  local  sensations,  cannot  be  referred  to  any 
one  part  of  the  nervous  system. 

Nausea  is  also  a  sensation  which  cannot  be  attributed  to  any 
part  of  the  nervous  centres.  It  commonly  arises  in  response  to 
afferent  impulses,  such  as  smells,  sights,  tastes,  pharyngeal,  gastric, 
or  other  visceral  irritation,  and  is  antagonistic  to  the  appetites 
just  named.  All  the  sensations  that  give  rise  to  or  precede  nau- 
sea are  associated  in  our  minds  with  disagreeable  impressions, 
and  no  doubt  mental  operations  have  much  to  do  with  its  pro- 
duction. A  child,  free  from  affectation,  may  be  heard  to  say  of 
a  castor-oil  bottle,  which,  in  itself,  is  not  ugly,  "  I  can't  bear  to 
look  at  it,  the  very  thought  of  it  makes  me  feel  sick." 

However,  even  without  any  participation  of  the  mental  func- 
tions, unavoidable  nausea  may  come  on  from  irregular  motion, 
as  that  of  a  ship,  which  often  causes  nausea  in  those  unaccus- 
tomed to  the  sea.  Certain  conditions  of  the  blood  flowing  through 
the  nerve  centres  also  cause  nausea,  as  when  emetics  are  injected 
iuto  the  blood. 

Giddiness,  which  consists  in  a  feeling  of  inability  to  keep  the 
uitrmal  balance,  is  often  produced  in  connection  with  the  last  by 
irregular  movemeutii,  but  more  surely  by  a  rotatory  motion  of  the 
body.  Other  afferent  influences  may  give  rise  to  it,  viz.,  from  the 
stomach,  in  some  cases  of  irritation  ;  from  the  eye,  when  we  look 
from  a  height;  from  the  semicircular  canals  of  the  ear  by  rota- 
tion of  the  body ;  and  also  from  conditions  of  the  blood,  as  in 
alcoholic  toxiemia. 

Shivering  is  also  the  result  of  a  peculiar  nervous  effect  pro- 
duced by  afferent  iulluences  of  au  unpleasant  kind,  the  sudden 
application  of  cold  to  the  skin,  a  revolting  sight,  a  shrill  noise, 
an  intensely  nasty  taste,  and  a  very  shocking  narrative,  may 
excite  a  nervous  condition  which  makes  us  shiver. 

TUillation  follows  light  stimulation  of  certain  parts  of  the  cu- 
taneous surfaces.  It  is  a  peculiar  general  sensation,  in  modera- 
tion not  disagreeable,  and  usually  accompanied  by  a  tendency  to 
meaningless  laughter  or  reflex  movements. 


CHAPTER  XXXI. 


TASTE  AND  SMELL. 


Sense  of  Taste. 


Next  to  the  sense  of  touch,  which  is  distributed  more  or  leas 
over  the  whole  cutaneous  surface,  taste  is  the  least  localized 
anatomically.  Though  confined  to  the  cavity  of  the  mouth,  its 
more  accurate  limitations  are  not  easily  fixed.  The  point,  sides, 
and  posterior  part  of  the  dorsum  of  the  tongue  can  most  accu- 
rately appreciate  tastes  ;  and  probably  parts  of  the  palate  also 
have  the  power,  but  in  a  much  less  degree.  Indeed,  though  "  the 
palate"  is  often  spoken  of  as  if  it  were  the  seat  of  taste,  it  really 
enjoys  this  function  in  au  insignificant  degree  when  compared 
with  the  tongue. 

The  power  of  being  stimulated  by  various  tastes  is  not  re- 
stricted to  the  terminals  of  any  one  nerve,  but  is  shared  by  some 
of  those  of  at  least  three  trunks,  which  also  transmit  impulses 
arising  from  other  forms  of  stimulation.  The  glosso-pharyngeal 
divii<ion  of  the  eighth  pair  sends  branches  to  the  posterior  part  of 
the  tongue,  which  are  no  doubt  connected  with  the  special  taste 
organs.  The  lingual  branches  of  the  fifth — commonly  called  the 
gustatory  nerves — have  also  terminals  capable  of  being  excited 
by  taste,  and  (irobably  some  fibres  of  the  chorda  tympani  are  also 
employed  iu  this  function. 

In  the  furrows  around  the  circumvallate  papilln:,  and  also,  but 
more  sparsely,  on  the  sides  of  the  fungiform  papilhc  of  the  tongue, 
are  found  [leculiitr  organ.?  called  "  taste-buds"  or  "  taste-goblets." 
They  are  imbedded  in  the  stratified  epithelium,  with  the  cells  of 
which  their  outer  layers  are  intimately  connected.  They  are  flask- 
shaped  bodies,  composed  of  a  concentric  series  of  flattened  cells 
pinched  together  at  the  base  and  at  the  free  surface,  where  they 
seem  to  inclose  a  kind  of  orifice.     Near  the  centre  the  flattened 
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scales  are  replaced  by  short,  thread-like  elements,  so  that  the 
whole  reminds  one  somewhat- of  the  construction  of  the  head  of 
an  artichoke. 

Fio.  212. 


Drawing  of  upper  siirfnoe  of  tlie  tongue,  showing  the  positiun  uf  llic 
circumTallate  papilla  (1).    (Happey.) 

Nerves  can  be  seen  entering  these  bodies,  and  are  in  all  proba- 
bility directly  connected  with  the  aiodiliod  epithelial  cells  of  which 
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they  are  niade  up.  The  relation  of  the  glosso-pharyogeal  uervea 
to  these  taste-buds  has  been  shown  by  the  fact  that  in  the  rabbit 
(in  which  animal  they  are  crowded  together  in  a  special  organ, 
so  as  to  be  easily  found)  they  degenerate,  and  in  a  few  months 
disappear,  after  one  of  these  nerves  has  been  cut. 

The  genuine  taste  sensations  are  very  few.     Much  of  what  we 
commonly  call  taste  depends  almost  exclusively  upon  the  smell 


/     « 


Section  through  depression  between  two  circunivallate  pupil  lie,  showing 
toste-liuda.  (Ciidiat.) — u,  nbrous  tiHsiie  of  papilla;  rf  and  r,  epithelial  cov- 
ering of  papilla;  b,  taste-buds.  On  the  right,  a,  6  show  the  separate  cells 
of  B  taste-bud. 

of  the  substance,  and  we  habitually  confuse  the  irapreasions  de- 
rived from  these  two  senses.*  The  different  tastes  have  been 
divided  into  four,  viz.,  sweet,  sour,  bitter,  and  salt,  under  some 


*  Many  of  the  rome^itiblcs,  ihe  taste  of  whicli  we  most  prize,  have  really 
no  taste,  but  only  a  smell  which  we  habitually  TOnfoiind  with  tiiste,  having 
mingled  the  ex[>crience  obtainwl  from  the  two  sense*.  Thus,  if  the  draft 
of  air  be  (•arcfully  exclude<l  from  the  nose,  wine,  onion,  etc.,  may  easily  be 
proved  to  have  no  taste.  Hence  the  familiar  rule  of  holding  the  noee 
adopted  in  taking  "  bad-tasting"  medicine. 


SENSE  OF  SHELL. 


551 


one  or  other  of  which  headings  all  our  tastes,  properly  so  called, 
would  naturally  fall.  Though  this  classification  has  no  just  claim 
to  being  a  chemical  one,  it  is  interesting  to  know  that  each  taste 
pretty  well  corresponds  to  a  distinct  group  of  substances  chemi- 
cally allied  one  to  the  other.  Thus,  acids  are  sour,  alkaloids 
are  bitter,  the  soluble  neutral  salts  of  the  alkalies  are  salt,  and 
poly-atoralc  alcohols,  as  glycerin,  grape-sugar,  etc.,  are  commonly 
sweet. 

The  substances  most  probably  act  on  the  nerve  terminals  as 
chemical  stimuli,  because  they  must  he  in  solution  to  be  appre- 
ciated. If  solid  particles  be  placed  on  the  tongue  they  must  be 
dissolved  in  the  mouth  fluid  before  they  can  excite  the  taste 
organs. 

In  order  to  explain  the  appreciation  of  the  difTerent  tastes  we 
may  imagine  that  there  are  different  kinds  of  terminals,  each  of 
which  is  or  is  not  influenced  by  various  substances  according  as 
they  possess  a  special  sweet,  sour,  bitter,  or  salt  energy.  From 
these  different  terminals  pass  fibres  bearing  impulses  to  certain 
central  cells,  each  of  which  is  capable  of  exciting  a  sweet,  sour, 
bitter,  or  salt  sensation,  as  the  case  may  be. 


4 


Sense  or  Smell. 

The  numerous  delicate  nerves  which  pass  from  the  olfactory 
bulb  to  the  mucous  membrane  of  the  upper  and  part  of  the  middle 
meatus  of  the  nose  form  the  special  nerves  of  smell.  When  cer- 
tain subtle  particles  we  call  odors  come  in  contact  with  the  ter- 
minals of  these  nervas,  they  excite  impulses  which,  on  arriving  in 
the  special  centres  of  the  brain,  give  rise  to  the  impressions  of 
smell. 

Anatomically  the  relations  of  the  olfactory  region  are  well  de- 
fined. Its  raucous  membrane  is  not  covered  with  motile  cilia,  as 
is  that  uf  the  rest  of  the  nasal  cavity,  and  it  is  less  vascular  and 
peculiarly  pigmented,  looking  yellow  to  the  naked  eye  when  com- 
pared with  the  neighboring  membrane.  The  epithelial  cells  are 
elongated  into  peculiar  cylinders,  between  which  lie  long  thin  rods, 
ending  ou  the  surface  in  free  hair-like  processes.     The  deeper  ex- 
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tremiti(«  of  these  rod-shaped  filaments  expand  to  surround  a  nu- 
cleus, and  are  then  continued  into  a  network  of  filaments,  into 
which  prolongations  of  the  epithelial  cells  also  seem  to  pass,  and 
in  which  the  delicate  fibrils  of  the  olfactory  nerve  can  be  traced. 
The  existence  of  direct  communication  between  the  nerves  and 
the  rod -shaped  filaments  and  the  epithelial  cells  is  satisfactorily 
established. 

The  odorous  particles  must  be  in  the  form  of  gases,  in  order  to 
be  carried  by  the  air  into  the  orTactory  region,  and  the  air  must 
be  kept  in  motion,  by  sniiBug  it  in  and  out  of  the  nasal  cavity,  in 


rff?14. 


Section  llnuiigii  llie  iiiiicuiMi  inenibraue  of  tUe  iia<uil  I'lic-ui  in  Uiv  level  uf 
Uie  olfactive  region. — a,  Epithelial  cells  and  bimdtes  of  nerves ;  b,  Glands 
separated  from  eacli  other  by  bundles  of  nerves,  c.     (Cadiat.) 


order  to  excite  the  nerve  terminals,  which  are  not  influenced  by 
the  odors  of  air  absolutely  at  rest,  though  it  be  in  contact  with 
the  mucous  membrane  of  the  olfactory  tract. 

The  extreme  delicacy  of  appreciation  of  odors  by  the  olfactory 
nerve  terminals  is  very  remarkable.  Even  in  human  beings, 
whose  sense  of  smell  is  hut  poorly  developed  when  compared  with 
that  of  animals,  an  amount  of  odorous  substance  can  be  perceived 
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which  the  finest  chemical  tests  &il  to  appreciate.  Thus  Valentin 
has  estimated  that  the  two-millionths  of  a  milligram  of  musk  is 
sufficient  to  excite  the  specific  energy  of  a  man's  olfactory  appa- 
ratus. 

No  satisfactorj  classification  of  odors  has  been  made  out  The 
common  division  into  agreeable  and  disagreeable  smells,  or  scents 
and  stinks,  is  dissimilar  in  diflferent  individuals,  and  therefore 
cannot  have  a  physiological  basis. 

With  smell,  as  with  taste,  no  degree  of  intensity  of  stimulation 
can  be  said  to  produce  pain,  though  disgust,  nausea,  vomiting, 
and  many  other  psychical  and  nervous  operations  may  be  induced 
by  various  smells,  and  the  appetites  are  either  excited  or  annulled 
by  difierent  excitations  of  the  olfactory  nerves. 


CHAPTER  XXXII. 


we  neetve  inm  theanii 
the  oolar  vorld  bj 


froa  asyof  than  ve  oMt 
I  •  'vctj'  ipedallr  arrmaged 
;  tks  rajs  of  light, 
•o  that  thqr  exactly  wch  thn  ihliratT  ihfH  nf  nnipliftnl  nrrTr 
emik^  which  is  hm  ifMai  «^  KfMag  ktt  Iha  Uood  and 
other  timmnntAtmy  tamt  a  eofet  with  tha  miBay  of  the 
optic  MTfc,  which  i>  that  pbcad  oat  at  the  war  of  or£aarT  nerre 
iriiilatiiia  Indeed,  we  AaO  aea  that  the  Hght.  of  which  the 
Oftie  iwiia  ooBTey  iatelfiganea  to  the  bcaia,  is  aot  properij  a 
aerve  atianlin,  bctag  ■wily  Ae  wvtiag  of  aa  iaipondaable  aie- 
AiB,  the  exirteaee  of  which  ia  aaaacd.  Beridw  the  ^wdal 
snaageaeata  in  the  eyehall  for  briagiBg  the  rays  of  light  to  ixar 
0*  tha  iM  I  III  wiiliafi.  then  auMt  hen  ba  aane  eilunaly  delicate 
anaageneot  by  whi^  the  otber-wana,  that  we  call  Ught.  can  be 
ooarerted  into  a  nerre  stimalat,  or  in  aoaae  way  aiade  to  aflect 
the  oerre  Icrainals  in  the  ntan. 

By  Bflaaaof  theaamofa^ht  weohtaiakBowiedgeof  obfoeta 
ai  a  dirtann  froiB  nB,beeaaaeaU  then  objects  reflect  oionor  has 
light,  and  tbn  aiake  diflbreat  iapnanoBi  a|ion  the  tanriaab  of 
the  optic  nerre,  wbiefa  fana  the  outer  layer  of  the  retiiB. 

Light,  then,  is  the  a«Iafaals  tttmaihu  fer  the  retinal  nerre- 
eodingi,  and  the  impolw  eansed  by  li^t  is  the  only  impnasiaa 
the  optie  nerve  is  in  the  habit  of  earryiag  to  oar  stneoria,  when 
the  sensation  of  light  n  iimed  and  distriboted  aaaoog  the  cells 
of  the  bnin  so  as  to  enable  os  to  ooote  to  risaal  eoodnaioaa  and 
jodgssentiL  As  already  mentioned,  no  matter  what  stimnloa,  ele» 
trie,  mechanical,  or  other,  be  applied  to  the  fibres  of  the  opdc 
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oerve,  the  seuaatioa  produced  is  simply  light,  and  this  is  thought 
of  as  if  it  came  through  the  eye  from  the  outer  world. 
The  study  of  sight  may  then  be  divided  into : 

1.  The  path  the  light  takes  on  its  way  through  the  eye  to  reach 
the  retina. 

2.  The  molecular  changes  in  the  retina  which  give  rise  to 
stimulation  of  the  optic  nerves. 

3.  The  sensations  arising  in  the  sensoriuin  as  ihe  result  of  the 
molecular  changes  set  up  in  the  cerebral  nerve  cells  by  the  im- 
pulses from  the  optic  nerve. 

4.  The  visual  perccpUons  and  judgments  which  our  conscious- 
ness is  capable  of  elaborating  from  the  visual  sensations. 


The  Tonics  of  the  Eyeball. 

The  organ  of  vision  of  vertebrate  animals  is  inclosed  in  a  iirin 
case  of  fibrous  tissue  called  the  sclerotic  coat,  which  is  continuous 
with  the  sheath  of  the  optic  nerve,  and  is  seen  between  the  eyelids 
under  the  traui^parent  conjunctiva,  and  is  commonly  known  as 
the  white  of  the  eye.  It  gives  shape  and  protection  to  the  eye, 
and  though  translucent,  is  not  transparent.  In  front  a  round 
window-like  portion,  called  the  cornea,  forms  the  most  anterior 
segment  of  this  protecting  covering  of  the  eyeball.  The  cornea  is 
distinguished  from  the  sclerotic  not  only  by  its  glass  like  trans- 
parency, but  also  by  being  part  of  a  lesser  sphere  than  the  scle- 
rotic, and  thus  it  projects  a  little  more  than  the  rest  of  the  bulb. 

Closely  attached  to  the  inside  surface  of  the  sclerotic  is  a  soft, 
thin,  black  vascular  sheet  of  tissue  which  supplies  the  eyeball 
with  blood,  being  made  up  chiefly  of  bloodvessels  and  stellate, 
pigmented,  connective-tissue  cells.  Its  outer  layer  is  traversed 
by  arteries  and  veins  of  relatively  large  size,  and  its  inner  layer 
is  practically  composed  of  a  dense  network  of  close-meshed  capil- 
lary vessels.  As  the  cornea  is  approached,  the  choroid  is  pecu- 
liarly modified  and  thrown  into  folds,  called  eiliary  proeegaes, 
forming  a  series  of  vascular  projections,  which  radiate  from  the 
margin  of  the  cornea.  At  the  edge  of  the  cornea  the  choroid  is 
more  firmly  attached  to  the  sclerotic  by  a  circular  muscle  {the 
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eJKory  mvteU),  and  also  by  bands  of  tissue  from  the  posterior  mr- 
&ce  of  the  cornea  which  hold  it  in  position  ;  the  fibres  of  the  cil- 
iary muscle,  running  under  the  ciliary  proceseee,  radiate  from  the 
margin  of  the  cornea  towards  the  choroid,  to  which  they  are  at- 
tached.    In  a  modified  form,  known  as  the  iru,  this  vascular  and 


Pio.  215. 


Diagram  of  a  horizontal  i>«ction  through  the  human  eye. — 1.  Come*;  2. 
Sclerotic;  3.  Choroid;  4.  Ciliary  processes;  5.  Suspensory  ligament  of 
lenH;  6.  So-called  posterior  chamber,  l>etween  the  iri«  and  the  lens:  7.  Iris; 
8.  Optic  nerve ;  8'.  Entrance  of  central  artery  of  the  retina ;  8".  Central 
depression  of  retina  or  yellow  spot;  9.  Anterior  limit  of  the  retina;  10. 
Hyaloid  membrane;  11.  Aqueous  chamber;  12.  Crystalline  lens;  13.  Vit- 
reous humour;  14.  Circular  venous  sinus  which  lies  around  the  oomea; 
a — a,  antero-posterior,  and,  6 — 6,  transverse  axis  of  bulb, 

pigmented  coat  of  the  eye  leaves  the  sclerotic,  and  haugs  freely 
in  a  fluid  so  as)  to  be  recognized  through  the  clear  cornea  as  a 
colored  circular  curtain,  attached  to  the  inside  of  the  periphery 
of  the  cornea,  aud  having  a  central  deficiency,  which  looks  black, 
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and  is  familiarly  known  as  the  pupil.  This  pupil  is  merely  an 
opening  in  the  iris,  which  allowa  the  rays  of  light  to  pass  into  the 
interior  of  the  eyeball. 

Fio.  216. 

Pigmenled  epitheliiim  lying 
next  to  the  choroid  coat. 

Rods  and  cones  with  tlieir  ex- 
tremities iiulieddetl  in  the 
epitheUal  cells. 


External  nuclear  layer. 
External  granular  layer. 
Internal  nuclear  lajer. 


^ 


Internal  grnnular  lajer. 


Layer  of  nerve  cells. 

Nerve-Sbre  layer  in  which  the 
retinal  vessels  run  next  to 
the  vitreous  humor. 
DiagnunoMitic  section  of  reliii:i,  ~!im\>  Ini;  ihe  relation  of  the  diflerent  layers 
in  the  posterior  part  of  the  fuuduis  (uut  the  tnaevla  tiUea).    (Schultze.) 


Besides  supplying  nutrition  to  the  non-vascular  central  parta 
of  the  eyeball,  the  choroid  is  useful  in  vision  by  preventing  the 
reflection  of  the  light  from  the  background  of  the  eye  in  such  a 


^ 
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way  as  would  cause  irregularity  of  its  distributioo,  and  thus  dazzle 
and  interfere  with  the  distinctness  of  the  image.  The  choroid 
also  is  elastic,  and  can  move  over  the  neighboring  sclerotic;  it 
can  be  dra%¥n  forwards  by  the  contraction  of  the  radiating  ciliary 
muscle,  which  acts  as  a  tensor  of  the  choroid  membrane. 

The  iris  has  a  special  power  of  motion,  by  means  of  which  the 
o|)euing  in  it  can  be  made  smaller,  so  as  to  regulate  the  amount 
of  light  admitted  to  the  eye,  aud  cut  off  more  or  less  of  the  rays 
which  would  pass  through  the  margin  of  the  dioptric  media. 
The  importance  of  this  will  be  better  understood  further  on. 

Within  the  choroid  coat,  and  in  immediate  contact  with  it,  is 
the  nervous  coat,  or  retina,  formed  by  the  expansion  of  the  optic 
nerve,  which  pierces  the  sclerotic  a  little  obliquely,  entering  it 
somewhat  to  the  nasal  side  of  the  axis  of  the  eye.  The  retina 
lines  nil  the  back  part  of  the  eyeball,  and  stretching  forwards, 
becomes  fused  with  the  ciliary  processes,  where,  however,  the 
nervous  elements  of  the  coat  are  wanting.  The  fibrils  of  the 
optic  nerve  reach  the  inner  surface  of  the  coats  of  the  eye,  and 
lie  in  immediate  relation  to  the  transparent  medium,  which  occu- 
pies the  greater  part  of  the  bulb.  The  fibres  then  lie  internally 
to  their  terminals,  which  turn  outwards  and  are  set  against  the 
choroid  coat.  The  ultimate  nerve-endings  are  situated  in  pig- 
mented protoplasmic  cells,  which  form  the  outermost  layer  of 
the  retina. 

The  Dioptric  Media  op  the  Eyeball. 

The  transparent  substances  which  fill  the  eyeball  are,  together 
with  the  coniea,  commonly  railed  the  dioptric  media.  The  o^iic- 
0118  humor  lies  iu  contact  with  the  posterior  surface  of  the  cornea, 
and  just  fills  the  promineuce  which  is  formed  by  this  part  of  the 
eye.  It  is  in  this  fluid  that  the  movable  iris  is  stretched  and 
separates  the  aqueou.s  department  of  the  eye  into  an  anterior  and 
posterior  chamber.  The  vitreous  humor  occupies  much  the  larger 
share  of  the  eyeball.  It  lies  in  apposition  to  the  retina,  being 
separated  from  it  only  by  a  thin  transparoot  structure,  called  the 
hyaloid  membrane,  which  incloses  the  clear  gelatinous  vitreous 
humor,  and  is  fused  with  the  ciliary  part  of  the  retina  and  cho- 
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roid.  The  vitreous  humor  ig  developed  from  the  young  connec- 
tive tissue  of  the  mesoblast,  and  wv  fiud  in  llio  adult  thnl  mucus 
is  the  most  striking  chemical  substance  in  its  texture,  though  the 
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Diagram  of  lens  at  different  jHjriwis  of  life. — 'i,  At  hirlh  ;  b,  \t\nU ; 
c,  Old  age.     (Allen  ThoiD-ion.) 

form  elements  of  the  original  mucous  tissue  have  nearly  all  dis- 
appeared. 

The  most  important  of  the  dioptric  media  is  the  cn/giaUine  lenit. 
It  is  placed  between  the  aqueous  and  the  vitreous  humors,  just 
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Showing  enrly  stages  of  the  development  of  the  lens. — e.  Epitlielial  tiestie 
going  to  form  lens;  o,  Optic  cup;   ii,  Epidermis.     (Cadiat.) 

behind  the  iris,  which  lies  iu  contact  with  its  anterior  surface. 
It  is  like  a  strong  magnifying  glass,  biconvex  in  shape,  the  poste- 
rior surface  being  more  couvex  than  the  anterior.  The  lens  is 
Quch  harder  than  the  vitreous  humor,  but  its  outer  layers  are 
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Afaftli«rrt«geofUied«Tfelop«miif  <li»  lent.  (QHlMLy— «,  ElaagUu« 
cpiOielial  cells  fonoiiag  leos ;  i,  O^aole ;  e,  Cataneooi  tisoe  becoming  con- 
jnoctira ;  d,  e.  Two  laren  of  optic  «sp  fonaing  radna ;  /,  Cell  of  mocoas 
tiawe  of  the  Titreoas  humor;  9,  iDtereellaiai-  niiataaee;  A,  Developiog 
optic  nerre. 

the  vitreous  humor,  maj  be  said  to  be  inclosed  in  the  hyaloid 
membrane,  which  is  thickened  and  fixed  to  the  capsule,  and  to 
the  ciliary  part  of  the  cburoid.  Thus  any  tension  exercised  by 
the  suspensory  ligament  tends  to  tighten  the  anterior  part  of  the 
capsule,  and  flatten  the  anterior  surface  of  the  lens. 


STRUCTURE  OF  LEITB. 


661 


The  shape  of  the  lens  varies  at  different  times  of  life,  being 
nearly  spherical  in  the  infant  and  t«n(Iiug  to  become  less  convex 


b 
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« 


rKgment  of  lens  leaised  out  to  show  tlie  Heparatc  Gbrei*.    (Cadiat.) 
n,  h,  and  c,  show  fibres  with  different-abed  nuclei. 


in  old  age  (v.  Fig.  217).     The  lens  is  developed  from  the  outer 
layer  of  the  embryo  by  the  gradual  thickening  and  growing  in- 
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wards  of  the  epitheliutn,  which  meets  the  optic  cup,  and  after  a 
time  is  cut  off  from  the  parent  tissue.  The  stages  of  its  devel- 
opment may  be  followed  in  the  accompanying  woodcuts  (v.  Fig. 
218). 

"  The  lens  is  composed  of  a  number  of  peculiar  band-like  cells, 
derived  from  the  epithelium.  These  are  cemented  together  in 
parallel  tovfb,  eccentrically  arranged  in  layers.  These  bands  are 
hexagonal  in  transverse  section,  and  in  the  younger  periods  of 
life  may  be  seen  to  contain  nuclei. 

lu  tbe  living  state  the  leoa  is  perfectly  transparent,  but  after 
death  it  becomes  slightly  opaque.  The  nutriment  for  the  adult 
lens  is  derived  from  the  vessels  of  the  choroid,  which,  however, 
do  not  come  into  direct  communication  with  its  texture.  On 
this  account  the  nutrition  of  the  lens  is  not  so  perfect  as  that 
of  many  other  tissues,  and  it  is  but  imperfectly  repaired  after 
injury,  which  always  leaves  more  or  leas  opacity.  Even  without 
injury,  opacity,  giving  rise  to  cataract,  sometimes  occurs  during 
life. 

Chemically  the  lens  is  made  up  of  globulin,  and  furnishes  a 
ready  source  for  obtaining  this  form  of  albumin  for  examination. 

The  Dioptrics  of  the  Eye. 

Light  travels  through  any  even  transparent  body,  such  as  the 
atmosphere,  in  a  straight  line.  But  when  it  meets  any  change  in 
density,  particularly  when  it  has  to  pass  obliquely  into  a  denser 
medium,  the  ray  is  bent  so  as  to  run  in  a  direction  more  perpen- 
dicular to  the  surface  of  the  denser  body.  The  degree  of  bending 
or  refraction  of  the  rays  depends  chiefly  on  the  difference  in  density 
of  the  two  media  and  the  angle  at  which  the  ray  strikes  the  sur- 
face of  the  more  dense. 

On  its  way  to  the  sensitive  retina,  the  light  has  to  pass  through 
the  various  transparent  media  just  named,  viz.,  the  cornea,  tbe 
aqueous  humor,  the  crystalline  lens,  and  the  vitreous  humor.  On 
entering  these  media,  which  have  different  densities,  the  rays  of 
light  reflected  from  any  luminous  body  become  bent  or  refracted, 
80  that  they  are  brought  to  a  focus  on  the  retina,  just  in  the  same 
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way  as  parallel  rays  of  light  from  the  sun  may  be  focussed  on  a 
near  object  by  means  of  au  ordinary  convex  lens. 

Only  80  much  light  reaches  the  fuuilus  of  the  eye  as  can  pass 
through  the  openiug  iu  the  iris,  so  that  a  comparatively  narrow 
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Diogmni  showing  the  course  of  parallel  rays  of  light  from  A,  in  their  pas- 
sage through  a  biconvex  lens  L,  in  which  they  are  »o  refracted  ns  to  bend 
towards  and  come  to  n  focus  nt  a  point  p. 

and  varying  beam  is  admitted  to  the  chamber  in  which  the  nerve- 
endings  are  spread  out  for  its  reception. 

If  we  hold  a  biconvex  leus  at  a  certain  distance  from  the  eye 
and  look  out  of  the  window  through  it,  we  see  an  inverted  image 
of  the  landscape.     If  we  place  a  piece  of  trausparent  paper  behind 
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iagram  showing  llie  eonrse  of  diverging  rays,  which  are  bent  to  a  point 
further  from  the  lens  than  the  parallel  rays  in  last  fig. 


the  lens,  we  can  throw  a  representation  of  the  picture  on  it,  which, 
however,  will  be  seen  to  be  inverted.  This  power  of  convex  lenses 
is  employed  iu  the  instrument  used  for  taking  photographic  pict- 
ures, called  a  camera,  which  consists  of  a  box  or  chamber  into 
.  which  the  light  is  allowed  to  pass  through  a  convex  lens,  so  that 
an  inverted  image  of  the  objects  before  it  is  thrown  upon  a  screen 
of  ground  glass  within  the  box.     When  the  sensitive  plate  re- 
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places  the  screeu,  the  light  coming  through  the  lens  makes  the 
photographic  picture. 

Just  in  the  t«ame  way  ao  inverted  image  of  the  things  we  look 
at  is  thrown  on  the  retina  of  the  eye  by  the  refracting  media. 
This  may  be  seen  in  a  dark  room,  if  a  caudle  be  placed  at  a  suitable 
distance  in  front  of  the  cornea  of  a  fresh  eye  taken  from  a  recently- 
killed  white  rabbit.  When  cleared  of  fat  and  other  opaque  tis- 
sues, the  sclerotic  is  transparent  enough  to  act  as  a  screen  apon 
which  the  inverted  candle  flame  can  be  recognized. 

Though  our  organ  of  vision  is  commonly  compared  to  a  camera 
obgcura,  the  refractions  of  the  light  which  occur  in  it  are  far  more 
complex  than  those  taking  place  in  that  simple  instrument.  In 
the  latter  we  have  only  two  media — the  glass  lens  and  the  air; 
in  the  eye,  on  the  other  hand,  we  have  several,  which  are  known 
to  have  a  distinct  refractive  influence  on  the  rays  which  pass 
through  the  pupil. 

Since  the  surfaces  of  the  cornea,  however,  are  practically  paral- 
lel, we  may  neglect  the  difference  between  it  aud  the  aqueous 
humor,  and  look  upon  the  two  as  one  medium,  having  in  front 
the  shape  of  the  anterior  surface  of  the  cornea,  and  behind,  the 
anterior  surface  of  the  lens,  so  as  to  form  a  concavo-convex  lens. 
We  thus  have  only  three  media  to  consider,  viz. :  (1)  the  aqueous 
humor  and  cornea;  (2)  the  lens  and  its  capsule;  and  (3)  the 
vitreous  humor.  And  only  three  refracting  surfaces  need  be 
enumerated  viz.:  (1)  the  anterior  surface  of  the  cornea;  (2)  the 
anterior  surface  of  the  lens ;  and  (S)  the  posterior  surface  of  the 
lens. 

These  refractiug  surfaces  may  all  be  looked  upon  as  portions  of 
spheres  whose  centres  lie  in  the  same  right  line,  and  hence  may  be 
said  to  have  a  common  axis.  And  the  eye  may  be  regarded  as  an 
optic  system,  centred  around  an  axis  which  passes  through  the 
middle  point  of  the  cornea  in  front,  and  the  central  depression 
(fovea  centralis)  of  the  retina  behind.  This  is  commonly  spoken 
of  as  the  optic  axis  of  the  eye. 

The  rays  of  light  entering  the  eye  are  most  strongly  refracted 
at  the  surface  of  the  cornea,  because  they  have  to  pass  from  the 
rare  medium,  the  air,  to  the  denser  cornea  and  aqueous  humor. 
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80  also  more  bending  of  the  rays  occurs  between  the  aqueous 
humor  and  the  anterior  surface  of  the  lens  than  between  the 
posterior  surface  of  the  lens  and  the  vitreous  humor. 

The  lens  is  not  of  the  same  density  throughout,  but  denser  in 
the  centre,  and  being  made  up  of  layers,  the  central  part  refracts 
more  than  the  outer  layers. 

The  manner  in  which  the  inversion  of  the  image  is  produced 
by  a  convex  lens  is  shown  in  the  accompanying  figure,  in  which 
the  lines  correspond  to  the  rays  passing  from  two  poiats  through 
the  lens.     If  the  arrow  a  a  be  taken  for  the  object,  from  either 
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Showing  tlie  couree  of  ihe  raVH  of  light  from  Iwn  Iimiinoiis  (wints  to  the 
retina.  The  rays  from  the  point  a,  on  jmssing  through  the  cornea,  lens, 
etc.,  are  tollected  on  the  retina  at  b.  Those  from  a'  meet  at  b',  and  thuB 
the  lower  point  becomes  the  upper. 

extremity  of  it  rays  pass  through,  and  are  more  or  less  bent  by 
the  lens.  It  will  be  sufficient  to  follow  the  course  of  three  rays 
from  the  head  of  the  arrow.  One  of  these  passes  through  the 
centre  of  the  lens,  and  leaves  it  in  the  same  direction  which  it 
entered,  because  the  two  surfaces  at  the  points  where  it  entered 
and  left  may  be  regarded  as  parallel,  and  so  cause  no  refraction. 
The  rays  which  do  not  pass  through  the  centre  are  bent  on  en- 
tering and  on  leaving  the  lens,  so  that  they  all  meet  at  the  same 
point  and  there  produce  an  image  of  the  head  of  the  arrow  at  b'. 
In  exactly  the  same  way  the  feather  end  of  the  arrow  is  produced 
at  b;  the  position  of  the  image  of  the  object  is  thus  reversed  by 
the  light  rays  passing  through  the  lens. 
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In  a  biconvex  lens,  with  the  two  surfaces  of  the  same  degree  of 
convexity,  the  central  point  through  which  the  rays  pass  without 
being  refracted  is  easily  made  out,  as  it  is  the  geometrical  centre 
of  the  lens.  This  central  point  is  spoken  of  as  the  optical  centre. 
With  systems  of  lenses  of  varying  convexity,  and  more  than  one 
in  number,  as  we  have  in  the  eye,  where  the  rays  of  light  are 
bent  at  ditferent  surfaces,  it  is  much  more  difficult  to  determine 
the  optical  centre.  However,  by  means  of  the  measurements 
made  by  Listing,  two  points  cIdsc  together  are  known,  which  may 
be  said  to  correspond  practically  with  the  optical  centres  of  the 
eye;  they  lie  in  the  lens,  between  its  centre  and  posterior  sur- 
face. The  path  of  the  various  rays  may  thus  be  exactly  made 
out.* 

The  rays  which  come  from  a  distant  luminous  point  and  fall 
upon  the  eye  are  refracted  by  the  cornea  and  aqueous  humor,  so 
as  to  be  made  convergent  on  their  way  to  the  lens  ;  they  are  then 
further  bent  at  the  surfaces  of  the  lens,  so  that  they  are  brought 
exactly  to  a  point  on  the  retina.  That  is  to  say,  for  distant  lumi- 
nous points,  the  retina  lies  exactly  in  the  plane  of  focus  of  the 
dioptric  media  of  the  normal  eye. 

This  convergence  of  the  rays  to  a  point  on  the  retina  is  the 
first  essential  in  order  to  be  able  to  see  clear  and  distinct  images ; 
for  if  the  rays  from  each  point  of  a  luminous  body  were  not  united 
on  the  retina  as  points,  the  effects  of  the  different  rays  from  the 
various  points  of  a  body  would  become  mixed,  and  there  would 
be  loss  of  definition  of  its  image. 

The  rays  from  any  bright  jioint  which  enter  the  eye  through 
the  pupil  may  be  imagined  to  form  a  luminous  cone,  the  point  of 
which  lies  at  the  retina,  and  its  base  at  the  pupil.  After  their 
union  at  the  point  of  the  cone  the  rays  would  diverge  again  if 
the  retina  were  not  there  to  receive  them. 


*  The  iiiii«)88ibilily  of  mnking  clear  the  important  relalionghips,  nodal 
points,  and  other  constjintii  of  the  eye  in  a  sliort  texl-book,  and  the  deter- 
rent effect  exerted  upon  the  inind  of  a  junior  student  by  brief  incompre- 
hensible statements,  has  induct  the  author  to  omit  this  part  of  the  subject, 
and  be  must  therefore  refer  those  who  are  anxious  to  learn  the  cardinal 
poinl«  of  the  eye  to  the  more  advanced  text-books. 
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It  may  be  seen  from  the  foregoing  figure  that  if  the  retina, 
which  normally  would  lie  at  2,  were  placed  nearer  the  dioptric 
apparatus,  say  at  1,  or  further  from  it,  at  3,  it  would  not  meet  the 
exact  point  of  the  luminous  cone,  but  would  receive  the  rap  either 
before  they  came  to  a  point  or  after  they  had  diverged  from  it. 
Thus  indistinct  rings  of  light  would  be  seen  ioatead  of  one  lumi- 
nous point,  and  an  image  would  be  blurred  and  indefinite. 

From  this  it  follows  that  the  eye,  when  quite  passive,  can  only 
get  an  exact  image  of  bodies  which  are  placed  at  a  certain  dis- 
tance from  it,  just  as,  for  any  given  state  of  a  camera,  only  those 
bodies  in  one  plane  come  into  focus  and  give  a  clear  picture  on 

Fio.  224. 


To  illustrate  Scheiner's  experimeot ;  for  ezplanntion,  aee  text. 


the  screen.  If  the  dioptric  apparatus  of  the  eye  were  rigid  and 
unalterable,  since  the  relation  of  the  retina  to  it  is  permanently 
the  same,  we  could  only  see  those  objects  clearly  which  are  at  a 
given  distance  from  the  eye.  We  know,  however,  that  we  get  a 
distinct  image  of  distant  as  well  as  of  near  objects,  and  we  can 
look  through  the  window  at  a  distant  tree,  or  we  can  adjust  our 
eyes  so  as  to  be  able  to  see  a  fly  walking  on  the  window  pane. 
However,  we  cannot  see  both  distinctly  at  the  same  moment. 
This  may  be  demonstrated  by  what  is  known  as  Scheiner's  ex- 
periment, which  is  carried  out  in  the  following  way :  Two  pin- 
holes are  made  in  a  card  at  a  distance  from  each  other  not  wider 
than  the  diameter  of  the  pupil.  The  card  is  then  brought  close 
to  the  eye,  so  that  a  small  object — such  as  the  head  of  a  bright 
pin — can  be  seen  through  the  holes.     The   dioptric  media  being 
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fixed,  moving  the  object  nearer  to  or  further  from  the  eye  would 
have  the  same  efiect  as  changing  the  relation  of  the  retina  to  mn 
or  p  q  \n  Fig.  224,  by  means  of  which  we  may  explain  the  follow- 
ing observations:  (1)  The  eye  being  fixed  upon  the  object  (of 
which  only  one  image  is  seen),  move  the  pin  mpidly  away ;  two' 
objects  now  appear,  showing  that  the  rays  coming  through  the 
holes  have  met  before  they  rejich  the  retina  as  at  p  ij.  (2)  Move 
the  pin  near  the  eye ;  again  two  very  blurred  objects  are  seen,  for 
the  rays  have  not  met  when  they  strike  the  retina,  as  at  mn.  (3) 
Keeping  the  object  in  the  same  position,  alter  the  gaze,  as  if  to 
look  first  at  distant  and  then  at  near  objects ;  in  both  extremes 
two  images  are  seen.  (4)  When  the  object  is  in  exact  focus  as 
at  c,  the  closure  of  one  of  the  holes  does  not  affect  the  single 
image.  (5)  When  two  images  are  seen,  closing  the  right  hand 
hole  at  ff  cauites  the  right  or  left  image  to  disappear,  according  as 
the  focus  c  falls  short  of  m  n,  or  is  beyond  p  q,  the  retina.  (6) 
By  moving  the  pin's-head  nearer  the  eye  a  point  is  reached  at 
which  the  object  cannot  be  brought  to  a  focus  as  a  single  image. 
This  limit  of  near  accommodation  marks  the  near  point.  A  little 
attention  teaches  us  that  looking  at  the  near  object  requires  an 
effort  which  looking  at  the  distant  one  does  not;  in  fact, we  have 
to  do  something  to  see  things  near  us  distinctly.  This  act  is  the 
voluntary  adjustment  of  the  eye  which  we  call  its  accommoda- 
tioD  for  near  vision. 
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The  difference  of  distance  for  which  we  can  adjust  our  eyes  ia 
great,  so  that  our  range  of  dietinet  vimon  is  very  extensive.  As 
already  stated,  the  normal  eye  is  considered  to  be  constructed  so 
that  parallel  rays  of  light,  i.e.,  those  coming  from  practically  in- 
finite distance,  are  brought  to  a  focus  on  the  retina.  This  is  why 
we  see  the  stars — which  are  practically  infinitely  remote  from  us 
— as  mere  luminous  points.  It  ia  therefore  impossible  to  fix  a 
"  far  limit "  to  our  power  of  distant  vision.  The  nearer  an  object 
is  brought  to  our  eyes,  however,  the  more  effort  is  required  to  see 
it  distinctly,  until  at  lost  a  point  is  reached  where  we  cannot  get 
,  clear  outline,  no  matter  how  we  "strain  our  eyes."    For  a  nor- 
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ficqwotij  titea^MbMBt 
ta  wmk  deuiy.    Bat  at 
raioB  tt§aet»  at  dUeieat  dia- 
the  M^ftiMtit.    Tbe  range 
«■  the  liae  of  raia^aad  called  the 
take  ia  a  gmler  depth  of 
htigae ;  bat  when  lookiag 
ofajeeta  «e  aaat  wwiatairtly  aeooauaodate  oar  ejee  afivsh 
ia  aooafdanee  vitli  tke  AmDmmttm  of  oar  fiical  depth. 

Tbe  BMdiaBiHM  bj  OMaaa  of  vfaich  the  acooanaodation  of  the 
eye  »  aeeoaqilidbtd,  difier  iroai  anything  that  can  be  applied  to 
an  arttfidal  optica]  instromeot,  and  are  much  more  perfect. 

Tbe  cbaagea  which  have  been  obeerred  to  take  place  are :  (1) 
Tbe  iris  ooatraets  so  that  the  papil  beoonies  smaller;  (^2>  the  cen- 
tre of  the  anterior  sur&ce  of  the  crystalline  lens  moves  slightly 
forwards,  pushing  before  it  the  pupillary  margin  of  the  iris,  and 
becomes  more  convex  ;  (Zi  (he  posterior  surface  of  the  lens  also 
becomes  more  convex  but  without  changing  its  position. 

These  changes  can  be  seen  in  the  accompanying  diagram,  show- 
ing a  section  of  the  lens,  cornea,  and  ciliary  region  (Fig.  2'25\ 
in  the  lefl-hand  side  of  which  the  lens  is  drawn  in  the  position 
it  assumes  when  accommodated  for  near  objects.  These  move- 
ments can  be  seen  to  take  place  in  life  by  observing  the  changes 
in  relative  positions,  etc.,  of  the  reflectious  of  a  CAudIc  flame 
thrown  from  tbe  cornea  and  the  two  surfaces  of  the  lens.  On 
the  cornea  is  seen  a  bright  upright  flame ;  next  comes  a  largo 
diffused  reflection  from  the  anterior  surface  of  the  lens,  and  at  the 
other  side  of  this  a  email  inverted  image  of  the  flnnic  reflected 
from  the  |>OBterior  surface  of  the  lens.  Whon  the  adjustment  is 
changed  by  looking  from  a  far  to  a  near  object,  the  image  on  the 
front  of  the  lens  becomes  smaller  and  moves  towards  tbe  coiilm 
of  the  pupil.  The  image  ou  the  back  of  the  lens  also  beooroaa 
smaller  but  does  not  change  its  position.  Theexactnnioiintofmovo- 
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ment  has  been  accurately  measured  by  a  special  instrument  called 
an  ophthBlmometer,  and  the  motions  can  be  made  more  obvious 
by  means  of  the  phakoscope,  in  which  a  dark  box  and  prisms  are 
placed  before  the  observed  eye,  and  each  image  is  made  double, 
80  that  the  change  in  position  of  its  two  parts  may  be  more  ob- 
vious than  a  mere  change  of  size. 

The  alteration  in  the  shape  of  the  lens  is  accomplished  by  the 
action  of  the  muscular  ring  already  named,  which  radiates  from 
the  edge  of  the  cornea  to  the  ciliary  region  of  the  choroid  coat, 

Fio.  226. 


/         / 

^/  ■ 

Diagram  showing  tlie  cli&nges  in  the  lens  during  accommodatioD.  The 
muscle  on  the  righl  is  supposed  to  be  passive  as  in  looking  at  distant  objecia, 
the  ligament  (l)  in  therefore  tigbt,  and  compresses  the  anterior  surface  of 
the  lens  (a)  so  as  to  flatten  it.  On  the  left  the  riliory  muscle  (m)  is  con- 
tracting so  as  to  relax  the  ligament,  which  allows  tlie  lens  to  liecome  more 
convex.    This  contraction  occurs  when  looking  at  near  objects. 

where  it  is  attached.  The  junction  of  the  cornea  and  sclerotic 
being  its  fixed  jmint,  when  the  ciliary  muscle  contracts  it  draws 
the  choroid  coat  and  the  connections  of  the  suspensory  ligament 
of  the  lens  slightly  forwards.  Under  ordinary  circumstances,  the 
eye  being  at  re«t,  the  suspensory  ligament  is  tense  and  exerts  a 
radial  traction  on  the  anteriur  part  of  the  capsule  of  the  lens, 
and  thus  tends  to  stretch  it  flat ;  this  affects  the  shape  of  the  soft 
lens  and  reduces  its  convexity.  When  the  ciliary  muscle  shortens 
it  draws  forwards  the  attachment  of  the  suspensory  ligament, 
relaxes  it,  and  removes  the  tension  of  the  capsule,  so  that  the 
unconstrained  elastic  lens  bulges  into  its  natural  form.  The  pos- 
terior surface  cannot  extend  backwards,  because  there  it  is  in  con- 
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tact  with  tlie  vitreoua  humor,  which,  if,  anything;,  is  held  more 
firmly  againet  it  by  the  increased  tension  of  the  hyaloid  membrane 
during  the  contraction  of  the  ciliary  muscle. 

The  act  of  accommodation  ia  a  voluntary  one,  the  nerve  bear- 
ing the  impulse  to  the  ciliary  and  iris  muscles,  coming  from  the 
third  nerve  by  the  ciliary  branches  of  (he  lenticular  ganglion. 
The  local  application  of  the  alkaloid  of  the  bcilatlonna  plant 
(atropin)  causes  paralysis  of  the  ciliary  muscle  and  wide  dilata- 
tion of  the  pupil  ;  and  the  alkaloid  of  the  calabar  bean  (physos- 
tigmatin)  produces  contraction  of  the  muscle  of  accommodation 
and  extreme  contraction  of  the  pupil. 


Defects  of  AcroMMODATioN. 

Myopia. — It  has  been  said  that  the  "near  limit"  of  distinct 
vision  differs  in  many  persons  from  the  twelve  centimetres  of  the 
norma!  emmetropic  eye,  and  it  is  further  found  that  the  power  of 
accommodutioi)  varies  very  much  in  different  individuals.  Thus 
in  "  short-sighted ''  people,  who  have  myopic  eyes,  i.e.,  in  which  dis- 
tant parallel  rays  fall  short  of  the  retina,  the  near  limit  may  only 
be  half  the  normal,  i.e.,  five  centimetres,  atiJ  the  fur  limit,  which 
is  normally  indefinite,  is  found  to  be  within  a  comparatively  short 
distance  of  the  eye.  They,  therefore,  cannot  see  distant  objects 
clearly,  since  the  rays  are  focussed  before  the  retina  is  reached, 
and  then  diverging,  cause  diffusion  circles  and  a  blurred  picture. 
The  work  of  their  accommodation  is  also  much  more  laborious, 
since  they  can  only  see  in  that  part  of  the  range  of  accommoda- 
tion where  the  adjustment  has  to  be  altered  for  slight  variations 
of  distance.  The  defect  can  be  made  much  less  distressing  by 
the  use  of  concave  glasses,  which  make  parallel  rays  strike  the 
cornea  as  divergent  ones,  and  thus  allow  them  to  be  focussed  on 
the  retina. 

Hypennetropia. — Another  abnormality  is  "  long  sight."  In  the 
hypermetropic  eye,  parallel  rays  of  light  are  brought  to  a  focus 
at  a  point  beyond  the  retina,  so  that  divergent  or  parallel  rays 
cause  diffusion  circles  and  a  blurred  image.  This  may  be  cor- 
rected by  means  of  convex  glas.ses  which  make  the  rays  conver- 
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gent  before-they  strike  the  corneal  surface,  and  thus  enable  them 
to  be  sooner  brought  to  a  focus  by  the  dioptric  media  of  the  eye. 
Prethyopia  is  the  name  given  to  a  change  in  the  perfectness  of 
accommodation  frequently  accompanying  old  age.  The  lens 
probably  gets  less  elastic  and  the  ciliary  muscle  weaker,  so  that 
the  change  in  form  required  to  see  near  objects  is  more  difficult 
or  impossible  to  attain.  Biconvex  lenses  help  to  overcome  the 
difficulty. 

Fio.  226. 


Showing  tlie  course  of  the  rays  of  liglit  from  tnn  limiinoiis  {wiiibi  to  the 
retina.  The  mys  from  ibe  point  a,  on  patislng  through  the  cornea,  lens, 
etc.,  are  collected  on  the  retina  at  6.  Those  from  <%'  meet  at  b',  and  thus 
the  lower  ix)int  l)eoome«  the  upper. 


Defects  of  Dioptric  Appakatds. 

In  common  with  all  dioptrical  instruments  the  eye  has  certain 
optical  defedti  which  tend  to  iaterfere  with  the  exact  definition 
of  the  image. 

Chromatie  aberration  is  due  to  the  breaking  up  of  white  light 
into  colored  rays  owing  to  the  different  colored  lights,  of  which 
ordinary  light  is  composed,  possessing  different  degrees  of  refran- 
gibility.  We  know  this  in  the  spectrum  and  in  the  colored  rings 
always  seen  in  the  marginal  part  of  a  biconvex  lens  made  of  one 
kind  of  glass,  which  acts  like  a  prism.  It  can  be  corrected  by 
making  lenses  of  two  kinds  of  glass,  one  of  which  counteracts 
the  dispersion  caused  by  the  other.  Optical  instruments  may 
thus  be  made  achromatic.  Tbb  defect  is  minimized  by  the  iris, 
which  cuts  off  the  marginal  rays  in  which  it  is  most  apt  to  occur. 
Pnsgibly  the  different  density  of  the  dioptric  media  may  have  a 
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npoa  wamt  imgalaritj  of  tW  cBrvatave  of  tke  eocnea,  wbidi  BMy 
be  beat  ■ofckaiinalally  thaavcfticBU7,or«iatt«rM.  laeitiMr 
of  theM  CMM  tke  1^  ia  the  Tertkal  «Bd  koffinolml  pbuMB  will 
be  different]  J  redacted,  eo  tluU  linea  dimwa  in  the  two  directioiw 
will  require  diftrawt  a^f  ewt«  to  tee  tbeia  dittinctly.  This 
mftT  be  at  oaee  reeogmied  if  we  gaae  with  one  ej«  at  the  contTv 
from  which  aumj  sharplj-defioed  Unec  radiate,  when  onlj  c<>rtain 
ones  cao  be  seen  distinctlr,  onleas  we  move  the  eye  or  change  ila 
acccrmmodation.  When  tiie  excenire  curvature  extonda  evenly 
over  the  whole  diameter  of  the  cornea,  it  gives  rise  to  whHt  ii 
called  regular  atligmatitm,  and  when  the  unevenneea  i»  loonlinnl 
to  one  spot  of  the  corneal  surface  il  is  calletl  irregular  attigmaiitm. 

The  astigmatism  which  may  be  called  physio1o);ical  is  not  i)u> 
ticed  by  the  individual,  but  pathological  astiginatieim  oftoii  ocotin 
and  requires  cylindrical  glasses  to  correct  it. 

EnUtpticimageg  are  those  which  depend  on  the  jin-iioiHii  iv(  •nmo 
opacity  or  difference  in  density  iu  tho  tnniMparont  media  of  (lie 
eye  itself.  They  look  like  variously  shnivitil  i)|imil(ii  nitivluK  nvnr 
the  field  of  vision.  They  are  only  riaimrkiililn  whi<ii  wn  InoU  a( 
an  evenly  colored  objector  tliruugli  ii  plnhiili'  in  a  liUiik  I'artl. 
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In  using  the  microscope  thej  often  annoy  the  unpracticed  ob- 
■erver. 

The  Iris. 

It  has  already  been  mentioned  that  the  motions  of  the  iris  alter 
the  size  of  the  pupillary  opening  through  which  the  rays  of  light 
must  pass,  and  while  it  regulates  the  amount  of  light  admitted, 
it  always  cuts  off  a  large  amount  of  the  marginal  rays,  acting 
like  the  diaphragm  of  an  optical  instrument.     The  great  import- 

Fio.  227. 


Section  through  thecilinr/  rcgi<in,  showing  the  relMion  of  the  iris  (/)  to 
the  choroid  and  the  ciliary  muscle  in),  which  iiriseB  from  the  margin  of  the 
comen  at  (<•),  and  passes  towanls  the  choroid  to  the  right,  where  it  Bepaniteg 
the  latter  from  the  sclerotic. 

anc«  of  not  allowing  the  rays  which  would  traverse  the  margin 
of  the  lens  to  enter  the  eyeball  can  be  understood  after  what  has 
been  said  of  spherical  aberration.  But  the  iris  also  moves  so  aa 
to  contract  the  pupil  when  the  eye  is  adjusted  for  near  vision, 
independently  of  the  intensity  of  the  light  by  which  the  object 
is  illuminated.  This  action  is  of  great  advantage  in  viewing 
near  objects,  because  the  more  convex  the  lens  becomes,  the  more 
injurious  are  the  marginal  rays.  If  the  iris  did  not  thus  contract 
in  near  vision,  the  nearer  we  brought  au  object  to  our  eye  the 
greater  would  be  the  tendency  to  indistinctness  caused  by  spher- 
ical aberration. 

The  iris  consists  of  a  framework  of  delicate  connective  tissue, 
like  that  of  the  choroid  coat,  containing  many  bloodvessels.    On 
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its  posterior  surfaoe  is  a  dense  layer  of  pigment  cells  called  the 
uvea,  which  gives  the  eye  its  color.  The  motions  of  contracting 
and  dilating  the  pupil  are  carried  out  by  smooth  muscle  fibres. 
The  act  of  contracting  the  pupil  is  performed  by  a  very  defiuite 
set  of  fibres  forming  the  sphincter  which  surrounds  the  margin 
of  the  pupil,  while  other  fibres  are  said  to  radiate  from  the  pupil 
to  the  attached  margin  of  the  iris.  The  sphincter  muscle  seems 
always  to  be  more  or  less  in  action,  because  if  it  be  paralyzed 
the  action  of  the  dilating  forces  becomes  obvious.  But  the  mus- 
cular character  of  the  dilator  lias  been  doubted,  from  the  fact 
that  the  fibres  have  not  been  satisfactorily  demonstrated.  Cer- 
tainly the  sphincter  seems  to  be  the  stronger  of  the  two,  for  strong 
electric  stimulation  causes  contraction  of  the  pupil,  and  shortly 
after  death  the  pupils  dilate.  We  must  assume  that  the  power 
of  the  sphincter  dies  more  quickly  than  that  of  the  dilator,  or 
relaxes  because  it  has  lost  the  stimulus  reflected  from  the  fragile 
retina. 

The  nerves  supplying  the  dilator  muscle  seem  to  be  derived 
from  the  sympathetic,  for  whca  the  sympathetic  in  the  neck  is 
cut,  the  pupil  remains  permanently  contracted.  These  fibres  are 
supposed  to  take  origin  in  the  gray  matter  of  the  cervical  spinal 
cord.  The  sympathetic  also  supplies  the  muscles  in  the  walls  of 
the  vessels,  and  thus  controls  the  amount  of  blood  going  to  the 
iris.  Though  the  variation  in  blood  supply  may  cooperate  in 
causing  dilatation,  it  cannot  be  the  only  cause,  as  the  widening 
of  the  pupil  may  be  caused  in  a  bloodless  eye. 

The  nerve  mechanism  by  which  the  sphincter  muscle  is  made 
to  contract  is  quite  distinct,  and  more  definitely  understood.  Its 
coutractiou  is  a  reflex  act,  the  stimulus  of  which  starts  in  the 
retina  and  travels  along  the  optic  nerve  as  an  afl^erent  channel  to 
the  corpora  quadrigemina,  where  there  is  one  centre  governing 
the  contractions  of  both  irides.  The  efferent  impulses  are  sent 
along  the  third  nerve  to  the  lenticular  ganglion,  and  thence  by 
the  short  ciliary  nerves  to  the  eyeball. 

When  we  accommodate  for  near  objects  three  muscles  act  in 
unison,  so  we  say  their  movenaents  are  "  associated  "  with  one 
another.     The  voluntary  eflTort  that  causes  the  ciliary  muscle  to 
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relax  the  suspensory  ligameut,  makes  the  sphincter  of  the  iris 
contract,  and  also  stimulates  the  internal  rectus  to  move  the  eye 
inwards.  The  voluntary  nerve  centre  must  be  in  intimate  rela- 
tion to  the  reflex  centre,  which  keeps  up  the  tonic  action  of  the 
sphincter  iridis. 

We  have  then  central  nerve  governors  for  the  ciliary  and  iris 
movements.  The  ciliary  muscle  and  sphincter  of  the  pupil  are 
together  stimulated  by  the  will,  and  the  sphincter  ali)ne  is  excited 
by  means  of  a  centre  which  reflects  the  stimulus  arriving  from 
the  retina  by  the  optic  nerve  along  the  branches  of  the  third 
nerve.  The  dilator  of  the  pupil,  if  a  muscle,  is  also  kept  in  gentle 
tonic  action  by  the  impulses  sent  from  the  spinal  marrow,  tt'a 
the  sympathetic,  with  the  vaso-motor  impulses;  but  some  think 
that  the  blood  supply  and  tissue  elasticity  explain  the  dilatation. 

From  the  facts  (1)  that  reflex  contraction  of  the  pupil  may  be 
produced  by  stimulating  the  retina,  even  when  the  eye  is  cut  off 
from  the  brain  centres,  and  (2)  that  the  local  effect  of  atropia  in 
dilating,  and  calabar  bean  in  narrowing  the  pupil,  seem  in  a 
measure  independent  of  the  central  nerve  organs,  it  has  been 
concluded  that  there  must  be  some  local  nerve  mechanism  in  the 
eye  itself  capable  of  reflecting  nerve  stimuli  and  being  affected 
by  these  poisons. 

The  student  must  never  lose  sight  of  the  circumstances  under 
which  the  pupils  contract,  namely  : 

1.  The  application  of  strong  light  even  to  one  retina,  caaaes 
reflex  stimulation  of  the  ciliary  nerves. 

2.  Htimulalion  of  the  nasal  and  ophthalmic  branches  of  the 
fifth  afferent  nerve  excites  the  sphincter. 

3.  Contraction  of  the  pupil  is  "  associated ''  with  accommoda- 
tion for  near  objects. 

4.  Similar  "  associated  "  contraction,  accompanies  inward  move- 
ment of  the  eyeball. 

5.  During  sleep,  or  as  the  result  of  vaso-motor  disturbances  in 
the  brain  (anaemia),  the  pupil  contracts. 

6.  Under  the  influence  of  physostigraatiu,  iiicotin,  and  morphia. 

7.  From  any  stimulation  of  the  optic  or  third  nerves  or  the 
corpora  quadrigemina. 
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The  rill  ■■iUBinji  ■  mUA  tfcc  pupfli  mn  fend  to  be  Akiai 
>R  r^Mlly  iafaftaat  froa  a  prarliiml  poiat  of  viMr,  wly : 

2.  Irritatiaa  of  tW  eervkal  crmpfttbetk. 

2.  Uadertiwiaflaeaoe«fatiBpi«,dateria.e(e. 

4.  !■  aniliyni  or  iIjh«iib  ft—  niwlj  «f  Uie  Mood. 

5.  Pkinfal  iiimijmm  htm  Um  akin,  etc 

ThX  Oi'HTHAUfOeOOPE. 

Wbea  we  look  ioto  tbe  eye  the  papil  appears  quite  black,  be- 
caaw  the  illnmiaatioa  of  the  eye-ckaaibCT  ■  aoi  ■nfficiwi  to  Aow 


Ophthalmoscopic  view  of  fundus  of  ere,  in  which  the  centnl  artcrjr  {f 
>nd  e)  and  the  corresponding  veins  (A  «nd  d)  &re  «een  couning  through  th« 
retina  from  the  optic  disk  (.1). 

its  parts  from  the  outside,  when  the  light  is  strong.  In  the  iamo 
way  when  we  try  to  look  into  a  room  in  the  ilaytime  through  tho 
window,  we  see  nothing  in  the  depth  of  the  room,  bocaiise  (ho  light 
outside  is  so  much  stronger  than  that  within  tho  n>om.  If,  how- 
ever, we  look  in  at  night,  when  the  room  is  lighted  up  while  it  in 


'■ziiaf  tkcjcA] 

lif^  «ad  tan*  yaDow  at  daatk,  aW  k«e»  kv  I 

11  MUfclfci  miiilfcaliiMiiiiLfcl  ifci mlwliit,  iim  '  t      -    ■  — 
tin  aad  voM  af  the  redaa)  lie  ia  tt  mad  bchag  to  the  amuM 
tUmtumtt  umiy. 

The  nfrtaliawny  kM  pravad  of  iaialiMalili  valae  ast  oaly 
u>  the  opIuhaliBologMt  bat  abo  to  the  phjaidaa,  as  a  meana  of 
arriTiog  at  aa-aeeante  kaowle^  of  iatemt.  Honoe  it  kaa  W 
:  nore  a  pathological  thaa  a  phjaolo^eal  i 


LUBT 

The  retina  U  the  pan  of  the  eje  br  which  the  phjaieal  motion 
—light  M  changed  into  the  phytiohigieal  phminiawii  knowo  as 
|jier«e  impalae,  br  meaiu  of  which  the  impreerioB  of  light  ia  excited 
I  the  brrnio.     In  reaching  the  retina  the  light  ia  not  in  any  way 
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altered  from  the  light  with  which  physicists  experiment,  but  at 
the  retina  this  physical  motion  is  stopped.  The  optic  nerves  no 
more  convey  the  light  waves  from  the  eye  to  the  brain  than  the 
tactile  nerves  carry  the  objects  that  stimulate  their  endings,  but 
only  send  a  nerve  impulse  which  the  retina,  on  its  exposure  to 
the  light,  excites  in  the  optic  nerve.  As  already  stated,  any  form 
of  stimulation  will  cause  the  same  kind  of  impulse  to  pass  to  the 
brain  and  there  set  up  the  same  sensation  of  light.  Thus  we  are 
told  by  persona  who  have  had  tbeir  optic  nerves  cut  that  the  sec- 
tion was  accompanied  by  the  sensation  of  a  flash  of  light.  Any 
violent  injury  of  the  eyeball  causes  a  flash  of  light  to  be  experi- 
enced. This  fact  has  long  since  been  arrived  at  in  a  practical 
manner,  for  a  blow  implicating  the  eyeball  is  vulgarly  said  to 
"  make  one  see  stars."  Also,  without  violent  injury,  if  we  close 
the  eyes  and  turn  them  to  the  left  side  and  then  press  with  the 
point  of  a  pencil  on  the  right  side  of  the  eyeball  through  the  lid, 
we  have  a  sensation  of  a  point  or  ring  of  light  on  the  opposite  side 
of  the  eyeball.  Thus  we  say  that  the  sjipcific  energy  of  the  optic 
nerves  excites  a  sensation  of  light,  and  the  adequate  stimulus  of 
the  organ  of  vision  is  light.  The  first  question  that  arises  is,  what 
part  of  the  retina  does  this  important  work  of  stimulating  the 
optic  nerve  when  light  impinges  on  its  terminals? 


The  Fdnction  op  the  Retina. 

The  retina  is  not  a  simple  sheet  of  nerve  fibrils  or  of  nerve  cells, 
but  a  most  complex  peripheral  apparatus,  which  to  histologists 
has  offered  an  endless  field  of  study.  This  complex  body  is  spread 
all  over  the  fundus  of  the  eye  except  at  the  optic  disk,  where  the 
nerve  pierces  all  the  coats  of  the  eye;  here  there  is  nothing  elae 
but  nerve  fibres  and  hence  no  retina  properly  go-called. 

The  structure  of  the  retina  varies  in  diflerent  parts,  but  it  may 
be  said  to  be  composed  in  the  main  of  the  following  layers.  The 
exceptions  will  be  mentioned  afterwards,  viz. :  (compare  Fig.  216) 

Lying  next  to  the  hyaloid  membrane  is  the  layer  of  Jien-eyrtrw 
which  radiate  from  the  optic  disk  to  the  ora  serrata  near  the  cili- 
ary region.     The  fibres  spread  evenly  over  the  fundus  except  at 
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the  central  point  (fovea  centralis),  which  they  avoid  by  passing 
on  each  side  of  it. 

Next  to  the  fibres  comes  a  layer  of  7ierm  eelh,  these  seem  com- 
monly to  have  one  pole  connected  with  a  fibre  from  the  optic 

Fio.  229. 


Bliowing  the  com.-i;  uf  iIjl-  fibres  of  llie  optic  nerve  N,  bs  they  pass  along 
the  inner  stirracc  of  retina  R,  to  meet  tlie  ganglion  cells,  whence  special 
commnnications  pass  outwards  to  the  layer  of  rods  and  cones  in  the  pigment 
layer  ;),  next  the  choroid  e. 

nerve,  while  from  the  other  side  two  or  three  poles  send  proceaaei 
into  the  other  layers  of  the  retina. 

Theu  coraes  an  iiulistiuct  layer  made  up  of  granular  material 
and  two  layers  of  peculiar  nuclear  bodies,  with  a  layer  of  granular 
material  between  thetu. 

Outside  of  these,  and  separated  by  a  fine  limiting  membrane,  is 
the  most  important  layer  of  the  retina.  It  consists  of  a  layer  of 
Todt  and  cones  which  are  connected  with  those  parts  of  the  retina 
already  named,  and  seems  to  project  into  the  protoplasm  of  pig- 
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mented  cells  of  epithelial  character,  which,  od  their  outer  face, 
show  a  striking  hexagonal  outline. 

A  nerve  fibril  then  may  lie  Bftid  to  have  the  following  course : 
entering  with  the  other  fibrils  at  the  ponu  opticus,  it  reaches  the 
immediate  vicinity  of  the  hyaloid  membrane,  and  runs  a  certain 
distance  in  contact  with  that  merahraue,  it  then  turns  outwards 
towards  the  choroid  and  enters  a  nerve  cell.  From  the  nerve 
cell  pass  on  a  couple  of  filaments  which  pierce  the  various  granu- 
lar and  nuclear  layers — where  they  probably  freely  inosculate 
with  the  fibrils  from  other  cells — and  finally  lermitiate  in  a  rod 
or  a  cone.  The  rods  and  cones  may  then  be  regarded  as  the  ulti- 
mate terminals  of  the  nerves,  and  they  lie  in  the  active  proto- 
plasm of  the  peculiar,  pigmented  epithelium  cells. 

It  ia  this  outer  layer,  conf<i8tiug  of  rods  and  cones  lodged  in 
epithelial  protoplasm,  which  is  the  really  efiective  part  of  the 
retina.     Of  this  we  have  the  following  evidence: 

1.  The  fact  that  the  rods  and  cones  must  be  regarded  as  the 
real  anatomical  nerve  terminals  of  the  optic  nerve. 

2.  Where  the  optic  nerve  enters  the  eyeball  and  the  nerve  fibres 
are  fully  exposed  to  the  light,  there  arc  no  rods  and  cones.  This 
part,  the  optic  disk,  cannot  appreciate  tight,  and  hence  ia  called 
the  "  blind  spot."  This  fact  shows  that  the  nerve  fibres  are  quite 
insensitive  to  light,  and  that  we  must  look  to  the  terminals  for  its 
appreciation.  The  existence  of  the  blind  spot  can  be  demonstrated 
as  follows.     Shut  the  left  eye,  aud  hold  the  left  thumb,  at  ordinary 


reading  distance,  in  front  of  the  right  eye.  While  the  eye  is  fixed 
on  the  left  thumb  bring  the  right  thumb  within  about  four  inches 
of  it  and  move  it  slowly  an  inch  or  so  from  side  to  side.  A  little 
practice  soon  finds  a  place  when  the  right  thumb  nail  disappears. 
It  also  can  be  demonstrated  by  steadily  fixing  the  right  eye  on  the 


682  MANUAL  OP   PHYSIOLOGY. 

small  letter  "a"  and  moving  the  page  to  or  from  the  eye  very 
slowly;  a  distance  may  thus  be  reached  when  the  large  letter  "A" 
is  quite  lost.  On  approaching  the  page — the  eye  still  fixed  on 
"a" — "A"  reappears  from  the  inner  side;  on  withdrawing  the 
page  it  comes  into  view  from  the  outer  side.  This  blind  spot 
is  not  noticed  in  ordinary  vision  as  we  have  habitually  over- 
come the  deficiency  since  infancy  by  our  judgments  being  de- 
rived from  two  eyes.  By  rapid  movements  one  eye  hides  the 
deficiency,  as  seen  when  attempting  the  experiment  just  described. 

3.  The  fact  that  when  the  eye  is  illuminated  in  a  peculiar  way 
we  can  see  the  shadow  of  the  bloodvessels  which  lie  in  the  inner 
layers  thrown  upon  the  outer  layer  of  the  retina,  also  shows  the 
latter  to  be  the  sensitive  one.  This  phenomenon,  known  as  PuR- 
kikje's  FiorRES,  can  be  demonstrated  as  follows.  Close  the  left 
eye  in  a  dark  room,  with  an  evenly  dull-colored  wall,  and  while 
you  stare  fixedly  at  the  wall  hold  a  candle  so  that  the  light  can 
reach  the  fundus  of  the  eye  from  the  side.  With  a  little  practice 
the  least  motion  of  the  candle  will  bring  out  an  arborescent 
figure  on  the  wall,  which  exactly  corresponds  to  the  retinal  ves- 
sels. It  may  also  be  .seen  by  arranging  a  microscope  so  as  to  show 
a  bright  light — ou  looking  into  the  instrument  and  either  moving 
it  or  the  head  slightly  but  constantly — the  shadows  of  the  retinal 
vessels  will  be  clearly  seen  as  though  they  were  under  the  instru- 
ment. 

4.  The  yellow  spot,  where  the  retina  is  chiefly  made  up  of  the 
cone  layer,  is  very  much  the  most  sensitive  part  of  the  retina, 
and,  nearer  the  ora  serrata,  where  the  rods  and  cones  are  but 
badly  developed,  sight  is  least  acute. 

As  in  the  perception  of  two  pointa  of  contact,  so  we  find  the 
retina  ceases  to  be  able  to  distinguish  the  difference  between  two 
luminous  points,  if  they  be  brought  to  a  focus  at  a  distance  of 
lees  than  .002  mm.  from  one  another.  This  distance  nearly  corre- 
sponds to  the  diameter  of  the  cones,  and  it  is  supposed  that  the 
rays  from  two  luminous  points  must  come  upon  two  different  cones 
in  order  to  be  visible  as  two  distinct  objects.  The  cones  are,  how- 
ever, very  irregularly  distributed  over  the  retina,  being  packed 
closely  together  at  the  yellow  spot,  and  scattered  more  and  more 
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widely  apart  as  one  passes  to  the  peripheral  parts  of  the  retina. 
It  is  only  at  the  yellow  spot  in  fact  that  the  cones,  which  here 
are  very  thin,  are  so  close  together  as  .002  mm.,  so  that  this  esti- 
mation of  the  size  of  visual  areas  only  could  hold  good  of  the 
yellow  spot,  and  towards  the  peripheral  parts  the  power  of  dia- 
criminatioD  must  be  much  less  keen.  This  is  found  to  be  the  case, 
for  in  ordinary  vision  everything  seen  clearly  with  a  sharp  out- 
line must  be  brought  upon  the  yellow  spot.     This  is  spoken  of  aa 
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Section  of  the  retina  at  the  yellow  spot,  showing  the  great  number  of  cones 
(a)  at  this  point,  nnil  the  thinness  of  the  other  layer.     (Cadiat.) 

"direct  vision."  The  images  falling  on  the  other  parts  of  the 
retina  are  but  dim  and  iudbtinct  outlines,  and  these  are  spoken 
of  as  "indirect  vision." 

The  stimulus  need  only  be  applied  for  a  very  short  time  in  order 
to  cause  a  distinct  sensatiou,  for  we  can  distinctly  see  a  single  elec- 
tric spark  ;  it  need  only  be  applied  to  an  extremely  small  part  of 
the  retina,  as  we  can,  by  direct  vision,  see  a  very  minute  speck  of 
light,  and  a  very  feeble  ray  sufBcea  to  stimulate  the  retina.  The 
amount  of  stimulation  produced  depends  upon  (1 )  the  intensity  of 
the  light,  I.e.,  the  amount  of  light  received  in  a  given  area  ;  (2) 
the  duration  of  its  application  ;  and  (3)  the  extent  of  retina  to 
which  it  is  applied  ;  (4)  the  part  of  the  retina  stimulated ;  (5) 
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tbe  darker  the  background  the  weaker  the  illumiDation  we  can 
distinguish,  i.e.,  the  greater  the  stimulating  effect  of  a  weak  light ; 
(6)  by  fatigue  the  retina  loses  ita  power  of  appreciating  light,  and 
more  stimulus  is  required  to  pruduce  a  given  efiect.  On  wakiug, 
tbe  daylight  is  at  first  dazzling,  but  soon  the  retina  can  bear  tbe 
stimulus.  An  increase  of  intensity  of  light  does  not  cause  an 
exactly  proportional  increase  of  stimulation,  for  we  find  the  more 
the  light  is  intensified  the  less  we  are  able  to  notice  a  fresh  incre- 
ment of  light  until  a  degree  of  intensity  is  arrived  at,  when  no 
further  addition  can  be  detected,  and  the  light  becomes  blinding. 
The  less  the  absolute  intensity  of  two  lights  the  better  can  we  dis- 
tinguish any  diflereuce  that  may  exist  between  them. 

The  effect  lasts  for  a  noticeable  time  after  the  stimulus  has  been 
removed,  particularly  if  the  light  be  very  intense.  This  can  well 
be  seen  when  a  brilliant  point  is  observed  in  rapid  motion  ;  instead 
of  a  point  a  streak  of  light  is  seen.  Thus  falling  stars  leave  a 
line  of  light  after  them  caused  by  the  persistence  of  the  stimulus, 
and  a  luminous  body  rapidly  rotated  gives  the  impression  of  a 
circle  of  fire  and  not  of  a  moving  point. 

When  the  stimulus  is  very  intense,  such  as  is  caused  by  an  elec- 
tric light  or  when  we  look  at  a  bright  object  like  the  globe  of  a 
lamp  steadily  for  some  time,  theu  the  effect  persists  for  a  very  con- 
siderable time,  and  even  after  the  eyes  are  shut  we  see  a  distinct 
image  of  the  object.  This  is  called  the  positive  after  image.  If 
the  retiua  be  exposed  to  a  bright  light  until  it  be  fatigued,  and 
then  suddenly  turning  we  gaze  at  a  white  wall,  the  bright  part  of 
the  positive  after  image  is  replaced  by  a  dark  figure  which  is 
termed  the  negative  after  image. 

A  strong  stimulus  ap|)lied  to  the  retina  spreads  from  the  part 
upon  which  the  bright  image  falls  to  the  parts  in  its  immediate 
neighborhood,  so  that  the  bright  object  looks  larger.  This  phe- 
nomenon is  called  irradiation.  It  helps  to  explain  many  of  the 
peculiarities  of  vision. 

The  question  now  arises,  how  does  the  retina,  or  rather  its  layer 
of  rods  and  cones,  convert  light  into  a  nerve  stimulus?  It  would 
appear  quite  out  of  the  question  that  the  456  to  700  billioiu  of 
waves  of  light  per  second  could  mechanically  excite  the  nerve 
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terminah  as  the  waves  of  sound  excite  the  endings  of  the  auditory 
nerve.  But  we  know  that  light  has  a  very  distinct  action  on 
many  chemical  combinalion.<i,  such  as  reducing  salts  of  silver  and 
gold,  etc.  We,  therefore,  imagine  that  the  light  waves  set  up,  in 
the  outer  layer  of  the  retina,  certain  interraolecular  motions  or 
chemical  interchanges,  the  result  of  which  is  that  the  nerve  fihres 
are  stimulated  to  activity  and  transmit  an  impulse  to  the  brain. 
In  the  outer  layer  of  the  retina  the  light  may  be  said  to  produce 
a  change  in  the  retina  which  in  some  respects  may  be  compared 
to  that  which  occurs  on  the  sensitive  photographic  plate,  when  ex- 
posed, in  a  camera.  In  some  respects  only,  however,  because 
there  is  this  great  diflerence,  that,  while  the  chemical  change  on 
the  sensitive  plate  persists  so  as  to  give  rise  to  a  photograph,  in 
the  eye,  on  the  other  hand,  it  only  lasts  during  the  brief  moment 
during  which  we  can  recognize  the  positive  after  image.  The 
chemical  explosion  in  muscle  may  be  compared  to  the  explosion 
of  gunpowder,  in  giving  rise  to  force,  but  not  in  the  result  to  the 
materials.  For  in  muscle  as  the  chemical  change  which  causes 
the  contraction  is  rapidly  repaired,  so  in  the  retina  a  new  sensitive 
plate  is  at  once  produced  by  the  restoration  of  the  normal  con- 
dition of  the  molecules. 

The  idea  that  the  layer  of  rods  and  cones  undergoes  some  chem- 
ical change  on  exposure  to  light  which  suffices  to  induce  excita- 
tion of  the  optic  nerve,  has  received  great  support  from  the 
observation  that  a  color  of  a  red  or  purplish  hue  exists  in  the 
outer  part  of  the  rods  and  that  this  changes  when  exposed  to  the 
light.  But  this  co-called  mgual  purple  cannot  have  a  very  in- 
separable connection  with  vision,  since  it  is  absent  where  the 
retina  is  most  sensitive,  i.e.,  the  fovea  centralis,  where  there  are 
no  rods,  and  further,  frogs  with  blanched  eyes  seem  to  see  quite 
well, 

The  peculiar  pigmented  epithelial  cells  of  the  retina  have  been 
observed  to  change  their  shape  slightly,  and  definitely  to  alter  the 
position  of  the  pigment  granules  they  contain  when  exposed  to 
light.  When  we  remember  how  sensitive  to  light  the  protoplasm 
of  many  unicellular  infusoria  is,  we  cannot  be  surprised  that  the 
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protoplasm  of  the  retinal  epithelium  is  affected  by  it.  Moreover 
in  the  pigment  cells  of  the  frog's  skin  we  are  familiar  with  a 
change  in  shape  and  in  the  arrangement  of  their  pigment  granules 
iu  response  to  different  light  stimuli.  We  know  that  in  the 
nervous  centres  nerve  impulses  are  commonly  originated  by  proto- 
plasm under  the  influences  of  slight  changes  in  temperature  or 
nutrition.  It  would  be  hardly  too  much  to  assume,  then,  that 
the  retinal  epithelium  has  some  imjiortant  share  in  the  trans- 
formation of  light  into  a  nerve  stimulus.  The  arguments  point- 
ing to  the  rods  and  cones  as  the  essential  part  of  the  retina  apply 
equally  well  to  the  pigmented  epithelium,  for  they  are  so  dove- 
tailed one  into  the  other  that  they  form  but  one  layer.    They  are 
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Epithelial  cells  of  the  retina. — n,  seen  from  the  outer  snrftice ;  4,  seen 
from  tlie  side  an  in  x  section  of  the  retina ;  e,  shows  some  rods  proje<^tiIlg 
into  the  pigmented  protoplasm. 

not  known  to  bo  connected  with  the  nerve  fibres,  but  even  sup- 
posing they  be  not  iu  any  way  connected  with  the  nerves  they 
might  still  be  influenced  by  the  light,  and  by  some  kind  of  motion 
communicate  the  effect  to  the  contiguous  sensitive  nerve  termi- 
nals, which  are  elaborately  adapted  to  appreciate  subtle  differen- 
tiations of  stimulus. 

tCoiiOR  Pebceptions. 
an  a 
her 
or  r 
Colo 


If  a  beam  of  pure  white  sunlight  be  allowed  to  pass  through 
an  angular  piece  of  glass  or  prism,  it  is  decomposed  into  a  num- 
ber of  colors,  which  may  be  seen  by  looking  through  the  prism, 
or  may  be  thrown  on  a  screen,  like  that  of  a  camera.  These 
jlors,  which  look  like  a  thin  slice  of  a  rainbow,  are  together 
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called  the  s])eHrum.  The  white  solar  light  is  thus  shown  to  be  a 
compound  of  rays  of  several  colors  which  possess  ditTerent  de- 
grees of  refrangibility,  and  hence  are  separated  on  their  way 
through  the  prism.  The  violet  rays  are  the  most  bent,  and  the 
red  the  least,  so  that  these  form  the  two  extremes  of  the  visible 
spectrum.  The  difference  of  color  depends  upon  the  different 
lengths  of  the  waves,  the  vibrations  of  violet  (667  billions  per 
sec.)  being  much  mure  rapid  than  those  of  red  (456  billions  per 
sec).  Beyond  the  visible  spectrum  at  the  red  end  there  are  other 
rays  which,  though  they  look  black  to  the  eye,  are  capable  of 
transmitting  heat.  This  thermic  power  is  best  developed  in  these 
ultra-red  rays,  and  fades  gradually  towards  the  middle  of  the 
spectrum.  Outside  the  violet  are  ultra-violet  rays,  which,  though 
non-exciting  to  the  retina,  are  very  active  in  inducing  many 
chemical  changes.  Only  those  other  vibrations  which  have  a 
medium  length  can  stimulate  the  retina. 

If  two  different  colors  be  mixed  before  reaching  the  retina,  or 
be  applied  to  it  in  very  rapid  succession  one  after  the  other,  an 
impression  is  produced  which  differs  from  both  the  colors  when 
looked  at  separately;  thus  violet  and  red  give  the  impression  of 
purple,  a  color  not  in  the  spectrum.  If  all  the  colors  of  the  spec- 
trum iu  the  same  proportion  and  with  the  same  brightness  fall 
upon  the  retina,  the  result  is  white  light.  This  we  know  from 
the  common  experience  of  ordinary  white  light,  which  is  really 
a  mixture  of  all  the  colors  of  the  spectrum,  and  we  can  see  it 
with  a  ■'  color  top"  painted  to  imitate  the  colors  of  the  spectrum. 
When  the  top  is  spinning  the  colors  meet  the  eye  in  such  rapid 
succession  that  the  stimulus  of  each  falls  on  the  relina  before  that 
of  the  others  has  faded  away,  and  thus  many  colors  are  practi- 
cally applied  to  the  retina  at  the  same  time,  and  the  top  looks 
nearly  white. 

It  has  been  found  that  certain  pairs  of  colors  taken  from  the 
spectrum  when  mixed  in  a  certain  proportion  produce  white. 
These  are  eomplementary  to  one  another.  The  complementary 
colors  are : 


Red  and  peacock-blue,  Yellow  and  indigo. 

Orange  and  deep-blue,  Greenish-yellow  and  violet 
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If  oolon  which  lie  nearer  to  each  other  in  the  spectrum  than 
UlMe  coitiplenieiitary  colors  be  mixed,  the  result  is  some  color 
which  in  to  be  found  in  the  spectrum  between  the  two  mixed. 

Th«  ['^'''-'cption  of  the  vast  variety  of  shades  of  color  that  we 
nan  iliNliii)(uish  can  only  be  explained  by  means  of  this  color- 
mixing.  We  assume  that  there  are  three  primary  colors  which 
overlap  one  nniither  in  the  spectrum  so  as  to  produce  all  the  tb- 
ri(^iis  tiiilH.  These  are  red,  green,  and  violet;  the  arrangement  of 
which  tniiy  be  thus  diagraranialically  explained  (Fig.  232). 

Wo  must  further  assume  that  there  are  in  the  retina  three 
special  seta  of  nerve  terminals,  each  of  which  can  only  be  stima- 
lkt«d  by  rod,  greeu,  or  violet  respectively,  and  the  innumerable 
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Diagram  of  Iho  three  Primary  Sensations:  1  =red;  2  =  green;  3=  »i- 
olet. — Tho  leltern  below  are  the  initials  of  the  colore  of  the  spectrum.  The 
height  of  the  shmled  part  gives  extent  to  which  the  several  primary  sensa- 
lioiu  are  excited  by  different  kinds  of  light  in  the  spectmm. 


shades  of  color,  we  see,  depend  upon  mixtures  of  different  strengths 
of  those  primary  colors,  so  as  to  produce  different  degrees  of  stimu- 
lation of  each  set  of  nerve  terminals. 

The  view  that  such  special  nerve  apparatus  do  exist  for  red, 
green,  and  violet,  is  supported  by  the  fact  that  the  most  anterior 
or  marginal  part  of  the  retina  is  incapable  of  being  stimulated 
by  red  objects  which,  therefore,  look  black  when  only  seen  by 
this  part  of  the  retina.  This  inability  to  see  red  may  extend 
over  the  whole  retina,  as  is  found  in  some  persons  who  may  be 
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Eaid  to  be  red-blind.  Moreover,  if  we  investigate  our  negative 
after  images,  after  looking  for  a  long  time  at  a  reti  object,  we 
find  them  to  be  greenish-blue;  that  is  to  «»j,  the  nervous  mech- 
anism for  receiving  retl  impreesions  is  fatigued,  and  o^usequeutly 
those  of  its  complementary  color  are  easily  stimulated. 

Mental  Operations  in  Vision. 

Our  visual  sensations  enable  us  to  perceive  the  existence,  the 
position,  and  the  form  of  the  various  objects  around  us.  For  the 
perfection  of  a  visual  perception  much  more  is  necessary  than 
the  mere  perfection  of  the  dioptric  media  of  the  eye,  and  of  the 
retinal  nerve-mechanisms.  Besides  the  changes  produced  in  the 
retina  by  the  light,  by  means  of  which  the  optic  nerve  is  stimu- 
lated, and  the  excitations  produced,  by  the  inipuises  passing  along 
the  nerve,  in  the  nerve  cells  of  the  seeing  centre,  there  nmst  be 
further  a  psychical  action  in  otber  cells  of  the  cortex  of  the  brain. 
This  psychical  action  of  the  brain  consists  of  a  series  of  coDclu- 
sioDs  drawn  from  the  experiences  gained  by  our  visual  and  other 
sensationa. 

Our  ideas  of  external  objects  are  not  in  exact  accord  with  the 
image  produced  on  the  retina  and  transmitted  to  the  brain,  but 
are  the  result  of  a  kind  of  argument  carried  on  unconsciously  in 
our  minds.  Thus  when  no  light  reaches  the  retina,  we  say  (with- 
out what  we  call  thought)  that  it  is  dark :  our  retiua  being  un- 
stimulated, no  impulse  is  communicated,  and  the  sensation  of 
blackness  arises  in  our  sensorium.  When  luminous  rays  are  re- 
flected to  the  retiua  from  various  objects  around  us,  the  physio- 
logical impulse  starts  from  the  eye,  but  in  the  brain,  by  uncon- 
scious psychical  activity,  it  is  referred  in  our  mitids  to  the  objects 
around  us,  so  that  mentally  we  project  into  the  outer  world  what 
really  occurs  in  the  eye.  So  also,  from  habit,  we  reinvert  in  our 
minds  the  image  which  is  thrown  on  the  retina  by  the  lens,  upside- 
down,  and  so  unconscious  are  we  of  the  psychical  act  that  we 
find  it  hard  to  believe  that  our  eyes  really  see  everything  in- 
verted, and  our  minds  have  to  reinstate  them  in  the  upright 
position. 
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4bw  Ik*  etmtm  tt  the  eocitM 
imwtlJuiy,  d&ntHj  oppoaiag 

t  of  the  directioB  af  iIm  ipgriur  uid  iafcrior  recti 
dJAtot  firva  that  cf  the  an  af  th«  cyefaall.  they  draw 
th«  ooter  «dge  of  the  eofaea,  aot  it>  eeatra,  op  and  dowa  raspec- 
livcij.  and  at  the  mmt  time  tend  to  gire  the  efeiiall  a  alight  ro- 
latioa  in  the  Huae  diiwtioB  aa  the  arrapoadiag  oUiqae  miu- 
elae.  The  tendencj  to  rotatioa  is  eoonteracted  bj  the  antago- 
nfatie  oblique  moacle  when  anple  eleration  or  depresBton  is  per- 
Ibnaed. 

Tboa  pure  abduction  or  addoetion  odIj  requires  the  nnaided 
actloB  of  the  internal  or  exteraal  recti,  while  direct  depression 
of  the  eye  requires  the  combined  action  of  the  inferior  rectus 
and  Mp<irior  oblique,  and  direct  elevation  requires  the  superior 
reetiu  and  inferior  oblique  to  act  together.     The  various  oblique 
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I  are  accomplislied  by  Tmriou*  eonbiaad  co6n)ia«tioM 

of  awTements  of  the  different  musdes. 

Tbe  diagnm  shotm  the  directions  to'wards  whiclt  th«  di£^nt 
■imcIm  tend  to  draw  the  centre  of  the  cornea  (Kmu  the  MratKht 
position. 

From  this  it  is  obvious  that  the  commonost  moTements  of  the 
eye  require  the  cooperation  of  different  muscles. 


Fio-  233, 
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Diagram  of  the  liircctioii  of  llie  motion  of  llio  nnucIi-K  nf  llic  uyrlmll, 
wluph  ia  shown  tij-  t!ie  dark  lines.  Tlie  iixi»  of  llm  rotiilioii  i'IIHixmI  liy  tlin 
oblique  nnd  njt[ior  and  |i>wer  reiii  nrc  kIhiwii  liv  llic  ttollud  IImi'h.  Tile 
inner  and  outer  recti  rotate  llu-  Imll  on  itii  vertical  nxia,  whicli  in  eul  ncruM, 
The  nbbreviated  name*  of  the  musdca  are  Bflizvil  to  the  liiioa, 


In  the  ordinary  movements  of  the  two  eyes  more  than  this  is 
necessary.  The  two  eyes  must  move  in  IIih  nuiiie  (iin^ctioii  nl,  the 
same  time,  now  to  the  right,  now  to  the  luft,  mo  lliul  wliilo  the 
external  rectus  moves  the  right  eye  to  the  right  siilo,  the  internal 
rectus  moves  the  other  eye  in  the  same  direction.  We  nay  then 
that  the  coordination  of  the  movemonts  of  the  muiclc*  of  the 
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AMfiumte 
thuelimi  two  tela  of  in- 
ttelheM— ■■■,WBfiw  tiw  right  «ad  owe  from 
Yet  «e  are  oaly  enaMiaai  of  ths  oeBnRaee  of  cna 
The  RMOB  of  this  k,  that  cxperiwee  haa  lai^t 
M  Uiat  limilar  iiaigia  throwa  apoo  aoae  oatain  paru  of  tire  two 
letiBK  eocraipaod  to  the  Mr  ehjeetyaad  ia  oar  auadt  we  fan 
the  WW— tiooa  nwwd  by  the  two  iiagea  lo  that  thej  pradooe  bat 
ooe  idea. 

Then  poiati  of  the  retina  whidi  are  thai  hafaiOallyatiinalated 
by  the  MM  otjeeto  are  eaUed  -  eoereipoa&v  poiata." 

Bewdn  beiBg  of  great  on  in  making  op  Ibr  each  defipien- 
cia  aa  the  blind  tpotM  (which  are  not  cjocieipea&ng  poiota) 
hiaocalar  riwia  if  nnfhl  for  the  following  poipoaea: 

To  jodge  of  diManee.  When  asing  one  ere  onlj,  nme  knowl- 
edge of  dietanoe  may  be  gathered  bj  the  force  employed  to  ac- 
commodate, bat  a  much  more  accurate  judgment  can  be  made 
when  both  eyes  are  used  and  the  muscular  sense  of  the  ocular 
muaclea,  employed  in  cooTergiog  the  eyeballs  for  near  objects, 
can  be  used  as  evidence  of  their  distance. 

In  judging  of  tize,  in  the  same  way,  with  one  eye,  we  can  only 
have  an  idea  of  the  apparent  size  of  an  object,  which  will  vary 
with  its  disUDce.  With  a  knowledge  of  the  apparent  sixe  and 
of  the  distance  such  as  is  gained  by  binocular  vision,  we  can 
come  to  a  fairly  accurate  couclusion  as  to  the  size  of  an  object. 

To  judge  of  the  relative  distances  of  objects  so  as  to  see  depth 
in  the  picture  before  our  eyes,  binocular  visiou  is  necessary.     If 
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one  eye  alone  is  used  we  see  a  fiat  picture  without  having  an 
accurate  idea  of  the  relative  distances  of  the  difi^ient  things  we 
see.  With  each  eye,  however,  we  get  a  slightly  diflferent  view  of 
each  object,  and  thus  we  are  helped  to  conclude  as  to  their  exact 
distances  and  shape,  so  as  to  be  able  to  arrive  at  fairly  correct 
judgments  as  to  their  exact  form,  etc. 
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CHAPTER  XXXm, 
HEARING. 

JrsT  A3  impulses  trmTeDiog  &loog  the  opdc  Denrea  can  ooly 
give  rise,  io  the  senaorium,  to  impreaBUMis  of  light,  so  iinpalses 
commanicated  to  the  porlio  moOu  of  the  seTeoth  pair  of  craoial 
nerve*  can  onlj  excite  imprei«ioDS  of  aoaiKi,  and  any  stimulation 
of  that  nerve  gives  rise  to  sound  iwnirioiw 

The  peripheral  end  of  the  special  nerve  of  hearing  b  distrib- 
uted to  an  organ  of  very  peculiar  construction  ntaated  in  the 
internal  ear,  whidi,  from  its  complexity,  has  been  called  the 
labyrinth.  The  nerve-ending  is  spread  out  between  layers  of  fluid, 
so  that  it  must  be  affected  by  very  gentle  forms  of  stimulation ; 
and,  when  we  know  its  delicacy,  we  can  hardly  be  surprised  that 
even  sound  vibrations  suffice  to  stimulate  this  terminal  to  trans- 
mit a  nerve  impulse  to  the  brain.  But  the  organs  of  hearing  of 
mammalia  and  man  are  so  deeply  placed  in  the  petrous  part  of 
the  temporal  bone  that  a  special  mechanism  has  to  be  adopted  to 
convey  the  sound  with  sufficient  intensity  from  the  air  to  the  fine 
nerve-terminals.  These  beautiful  contrivances  make  up  a  com- 
plex piece  of  anatomy  which  will  be  briefly  referred  to  presently. 

Soma*. 

Before  attempting  to  describe  the  complex  mechanisms  by 
means  uf  which  the  sound  is  conveyed  to  the  nerve-endings,  some 
notion  must  be  formed  of  what  sound  is  from  a  merely  physical 
tiandpoint.  Without  the  sense  of  hearing  one  cannot  form  any 
idea  of  sound,  and  here  the  knowledge  of  sound  ends  with  many 
people,  since  they  only  think  of  it  as  something  they  can  hear. 
A  physicist,  however,  regards  sound  in  a  very  difierent  way.  He 
knows  that  it  is  caused  by  a  kind  of  motion  known  as  the  vibra- 
tions of  elastic  bodies,  such  as  a  tense  string,  a  metal  rod,  or  an 
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elastic  membrane.  These  vibrations,  being  communicated  to  the 
air,  are  conveyed  by  it  to  our  nerve-endiugs,  where  they  set  up  a 
nerve-impulse.  The  impulse  is  transmitted  along  the  nerve  to 
the  brain,  and  there  gives  rise  to  the  9eu.»ation  with  which  we  are 
familiar  as  sound. 

The  vibrations  of  the  air  are  wave-like  movements  depending 
upon  a  series  of  changes  of  density  in  the  gase^,  the  particles  of 
which  move  towards  or  from  one  another,  and  transmit  the  mo- 
tion to  iheir  neighbors,  so  as  to  propagate  the  sound  wave.  To 
demonstrate  these  vibrations  a  special  apparatus  must  be  used. 

When  a  tuning  fork  is  struck  it  is  thrown  into  vibration,  and 
a  sound  is  given  forth.  But  the  vibrations  are  often  so  rapid  and 
80  small  that  the  motion  of  the  tuning  fork  cannot  be  appreciated 
by  the  eye.  But  if  a  fine  point  be  attached  to  one  proug  of  the 
tuning  fork — or,  indeed,  any  elastic  body,  such  as  a  bar  of  metal — • 
aud  this  point  be  brought  into  contact  with  a  moving  smoked  sur- 
face, such  as  has  been  already  described  for  similar  records,  a  little 
wavy  line  is  drawn,  showing  that  the  vibrating  fork  moves  up  and 
down  at  an  even  and  regular  rate.  Each  up  and  down  stroke 
indicates  a  vibration.  The  length  of  the  wave,  as  drawn  on  the 
evenly-moving  surface  of  the  recorder,  shows  the  amount  of  time 
occupied  by  each  vibration.  This  is  always  found  to  be  the  same, 
for  a  tuning  fork  of  a  given  pitch,  and  thus  the  recording  fork  is 
in  constant  use  by  the  physiologist  as  an  exact  measure  of  small 
intervals  of  time.  The  pitch  of  the  note,  then,  depends  upon  the 
rate  or  period  of  vibration,  a  note  or  tone  of  a  certain  pitch  being 
simply  a  sound  caused  by  so  many  vibrations  per  second.  The 
quicker  the  vibration  the  higher  the  note,  and  the  slower  the 
deeper,  until,  at  the  rate  of  about  thirty  per  second,  uo  sound  is 
any  longer  audible.  Whether  a  note  bo  produced  by  a  metal 
fork,  a  tense  string,  or  any  other  vibrating  body,  if  the  number 
of  vibrations  per  second  he  the  same,  the  note  must  have  the  same 
pitch. 

The  elevation  of  each  vibration  as  seen  in  the  tracing  made  by 
a  recording  fork  is  different  at  different  times.  When  the  fork 
is  first  struck  the  waves  are  high  and  well  marked,  aud  the  ex- 
cursions of  the  recording  prong  can  be  seen  to  become  less  and 
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less  extensive  as  the  fork  gradually  ceases  to  vibrate,  and  the 
sound  becomes  fnint;  or,  in  other  words,  as  the  sound  produced 
becomes  less  loud,  the  vibrations  are  smaller,  and  the  amount  of 
excursion  made  by  the  vibrating  body  is  commonly  spoken  of  as 
the  amplitude  of  the  vibration,  and  upon  it  alone  depends  the 
loudness  of  the  sound.  Thus  the  pitch  of  a  tone  bears  no  relation 
to  the  amplitude  of  the  waves  of  iho  vibration,  but  depends  upon 
their  rate ;  while  its  loudness  is  quite  independent  of  the  period 
occupied  by  the  vibrations,  but  is  in  proportion  to  the  extent  or 
amplitude  of  the  waveo. 

So  far  only  tones  or  musical  notes  have  been  mentioned.  They 
are  produced  by  vibrations  occurring  at  perfectly  regular  periods. 
The  simpler  and  more  regular  the  vibrations,  the  purer  the  tone. 
But  the  great  majority  of  the  sounds  we  are  accustomed  to  hear 
are  uot  pure  tones,  but  are  the  result  of  an  association  of  vibra- 
tions bearing  more  or  le*s  relation  one  to  the  other.  When  the 
variety  of  vibrations  is  very  great,  their  intervals  irregular  and 
out  of  proportion,  they  give  rise  to  a  discordant  sound  devoid  of 
musical  tone,  which  is  commonly  called  a  noise.  But  so  long  as 
such  commcnsurability  exists  in  the  rate  of  the  vibrations  as  to 
produce  a  sound  uot  disagreeable  to  the  sense  of  hearing,  it  may 
be  called  a  note. 

By  the  use  of  a  series  of  different  resonators,  each  of  which  is 
capable  of  magnifying  a  certain  tone,  it  can  be  shown  that  the 
clearest  aud  purest  notes  of  our  musical  instruments  are  far  from 
being  simple  tones,  but  are  really  compounds  of  one  prominent 
note  or  fuudamental  tone,  modified  by  the  addition  of  numerous 
over-tone*  or  harmonics.  If  one  blows  forcibly  across  an  orifice 
leading  to  a  space  in  which  a  .small  amount  of  air  is  confined,  such 
as  the  barrel  of  a  key  or  the  mouth  of  a  short-necked  flask  or 
bottle,  either  a  clear  shrill  or  dull  booming  sound  is  heard,  which 
varies  in  pitch  according  to  the  proportions  of  the  air-containing 
cavity.  This  dull  note  is  a  simple  tone.  It  is  devoid  of  charac- 
ter, and  in  this  respect  differs  greatly  from  the  notes  produced  by 
a  musical  instrument.  The  notes  of  every  instrument  have  certain 
characters  or  qualities  which  enable  even  the  most  unpracticed 
ir  to  distinguish  them  from  one  another. 
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This  peculiar  quality,  which  is  iudependeat  of  the  pitch  (i.e., 
rate  of  vibration)  or  the  iotensity  {i.e.,  amplitude  of  wave),  is 
called  the  color  or  limbre  of  the  note.  It  depends  od  the  number, 
the  variety,  and  the  relative  intensity  of  the  over-tones  or  har- 
monics, which  accompany  the  notea.  So  that  really  the  timbre 
or  quality  of  a  note,  and  therefore  the  special  characters  of  the 
different  musical  instrunieuta.  is  produced  by  tlicir  impurity,  or 
the  complexity  of  the  over-tones  which  aid  in  producing  them. 

All  elastic  bodies  can  vibrate,  and  therefore  are  more  or  less 
capable  of  conducting  sounds.  Sound  vibrations  can  be  trans- 
mitted from  one  body  to  another  placed  in  contact  with  it-  From 
a  hard  material  the  waves  are  readily  communicated  to  the  air, 
and  this  is  the  ordinary  medium  by  means  of  which  sound  is  trans- 
mitted and  finally  arrives  at  our  organs  of  hearing.  The  old  ex- 
periment of  placing  a  small  bell  under  the  glass  of  an  air-pump 
and  making  the  tongue  strike  it  after  the  air  has  been  removed, 
shows  that  the  medium  of  the  air  is  essential  for  the  transmission 
of  the  sound  vibrations. 

The  transmission  of  waves  of  sound  from  the  air  to  more  dense 
materials,  such  as  Ihoso  which  surround  our  auditory  uerve-ter- 
miuals,  takes  place  with  much  greater  difficulty  than  that  from 
a  solid  to  the  air,  and  we  find  a  variety  of  contrivances  by  which 
the  gentle  waves,  arriving  at  the  ear  by  the  air,  are  collected  and 
intensified  on  their  way  to  the  labyrinth. 

But  the  medium  of  the  air  is  not  necessary  in  order  that  sound 
may  reach  the  internal  ear.  Nor  is  the  route  through  the  outer 
canal,  and  the  drum  and  its  membrane,  the  only  one  by  which 
the  vibrations  can  arrive  at  tlie  cochlea.  The  solid  bone  which 
surrounds  the  labyrinth  is  in  direct  communication  with  all  the 
bones  of  the  head,  and  the  sound  can  travel  along  these  bones 
and  reach  the  uerve-end  i  ngs.  This  can  easily  be  proved  by  placing 
the  handle  of  a  vibrating  tuning  fork  against  the  forehead,  or 
better  still,  against  the  incisor  teeth.  The  sound,  although  pre- 
viously hardly  audible,  at  once  becomes  quite  distinct,  or  even 
appears  loud. 

This  direct  conduction  through  the  bones  of  the  bead  is,  under 
normal  conditions,  of  little  use  to  man  ;  but  attempts  have  been 
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made,  in  cases  where  the  ordinary  auditory  passages  were  rendered 
inefficient  by  disease,  to  gather  the  vibrations  on  a  vibrating  plate 
or  tympanum,  and  apply  this  to  the  teeth.  This  direct  conduction 
of  sound  is,  however,  very  valuable  in  determining  the  seat  of  the 
disease  in  cases  of  deafness.  So  long  as  a  clear  sensation  of  sound 
reaches  the  brain  through  the  bones  of  the  head,  one  knows  that 
the  important  nerve-endings  and  their  central  connections  are 
unimpaired,  and  can  then  conclude  that  the  disease  lies  in  the 
mechanical  conducting  parts  of  ihe  hearing  organ. 

In  fishes,  where  the  labyrinth  is  the  only  part  of  the  auditory 
apparatus  which  exists,  it  is  imbedded  in  the  cranium,  and  the 
sound  waves  arrive  through  the  medium  of  water,  and  are  directly 
conveyed  to  the  nerve-endings  by  the  bones  of  the  head.  An  air- 
containing  tympanum  would  be  a  great  impediment  to  the  hearing 
of  these  animals. 

Conduction  of  Sound-vibkations  through  the  Outer  Ear. 

The  parts  of  the  ear  through  which  the  sound  commonly  passes 
before  it  reaches  the  nerve,  are  naturally  separated  into  three, 
viz.,  (1)  the  external  ear  and  the  auditory  canal ;  (2)  the  middle 
ear,  tympanum  or  drum,  which  is  shut  off  from  the  latter  by  the 
tympanic  membrane;  and  (3)  the  fluid  of  the  labyrinth. 

In  man,  the  car  muscles  are  so  poorly  developed  that  he  can 
hardly  move  the  external  ear  or  pinna  percej>tibly,  and  the  part 
commonly  called  the  ear  is  of  little  use.  We  know  this,  because 
the  outer  ear  may  be  quite  removed  without  materially  affecting 
the  power  of  hearing.  Birds  hear  well  without  any  outer  ear,  and 
the  sound  reflected  from  the  pinna  may  be  excluded  by  placing  a 
little  tube  in  the  auditory  canal  without  reducing  the  intensity  of 
the  sound.  But  the  movable  ears  of  many  animals  are,  no  doubt, 
useful  in  helping  them  to  ascertain  the  direction  from  which  a 
sound  arrives,  by  catching  more  of  the  vibrations  coming  to  their 
orifice.  That  the  external  ear  may  be  of  some  use,  even  to  man, 
one  is  led  to  believe,  by  the  natural  readiness  with  which  a  person 
with  dull  hearing  supplements  it  by  means  of  his  hand.  But  in 
'his  act  the  ear  is  commonly  pushed  away  from  the  head  to  an 
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angle  of  about  forty-five  degrees,  and  thus  its  projection  is  con- 
siderably increased. 

Tbe  auditory  canal  is  a  crooked  and  irregular  passage,  getting 
ratlier  wider  as  it  approaches  the  tympanic  cavity.  It  is  usually 
the  scat  of  some  short,  stiff  hairs,  which  help  to  prevent  the  en- 
trance of  foreign  matters.  It  is  supplied  with  a  peculiar  modifi- 
cation of  sweat  glands,  which  secrete  a  waxy  material  that  helps 
to  keep  the  walls  of  the  canal  and  the  outside  of  the  membrane 
moist  and  soft.  Upon  the  more  ordinary  sound-vibrations,  how- 
ever, the  auditory  canal  has  little  or  no  effect.  The  elastic  column 
of  air  in  any  circumscribed  space  resounds  more  readily  to  some 
one  certain  tone,  which  varies  according  to  the  capacity  of  the 
space;  thus  are  formed  resonators  of  different  pitch.  Just  as  dif- 
ferent tubes  or  key  barrels  have  different  notes  when  blown  into, 
so  the  auditory  canal  has  a  note  of  its  own,  and  if  the  canal  be 
short,  the  note  is  one  of  a  very  high  pilch.  When  a  tone  of  the 
same  pitch  as  that  to  which  the  canal  is  tuned  strikes  the  ear,  it 
is  unpleasantly  magnified,  and  it  is  said  that  such  sounds  are  those 
which  we  commonly  call  shrill  and  disagreeable. 

The  end  of  the  auditory  canal  is  closed  by  the  membrana  t\pn- 
pani,  which  slopes  obliquely  from  above  downwards  and  inwards, 
by  which  means  its  size  is  greater  than  if  it  were  directly  across 
the  canal.  This  membrane  is  not  flat,  but  the  central  point  is 
drawn  in  by  the  handle  of  the  malleus,  which  is  firmly  attached 
to  it  along  its  entire  length.  The  membrane  is  thus  held  in  the 
shape  of  a  very  blunt  cone,  sotiiewhat  like  a  Japanese  umbrella, 
the  apex  of  which  point-s  inwards  towards  the  cavity  of  the  drum. 
The  peculiar  form  of  the  membrane  of  the  drum  is  of  great  impor- 
tance for  distinct  hearing. 

As  every  confined  volume  of  air  has  a  certain  tone  of  its  own 
to  which  it  resonates  more  readily  than  to  others, so  a  membrane 
uf  a  given  size  and  tension  has  a  certain  self-tone,  the  vibration 
periods  of  which  it  follows  with  great  ease.  This  tone  varies  with 
the  tension,  as  may  be  seen  in  a  common  drum,  the  note  of  which 
can  be  changed  with  the  tension  of  its  parchment — the  tenser  the 
membrane,  the  higher  the  pitch.  If  the  membrane  of  the  drum 
of  our  ears  were  thus  set  to  one  tone,  our  bearing  would  be  moist 
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the  slender  process  of  the  malleus  in  front,  and  the  short  limb  of 
the  iocus  behiod. 

When  the  tytnpanic  membrane  vibrates  in  response  to  the 
sound  waves  of  the  air,  it  moves  in  and  out,  and  the  handle  of 
the  hammer  boue  must  move  in  and  out  with  it.  The  body  of 
the  incus,  being  fixed  by  a  firm  joint  to  the  head  of  the  malleus, 
must  follow  the%  movements,  and  thus  they  cause  the  little  oval 
font-piece  of  the  stirrup  to  preso  in  or  to  draw  out  the  membrane 
which  separates  the  tympanum  from  the  vestibule.  Thus  the 
vibrations  of  the  air  communicated  to  the  tympanic  membrane 
are  conveyed  across  the  cavity  of  the  drum  to  the  liquid  in  the 
labyrinth. 

A  small  muscle — the  stapedius — is  attached  to  the  stapes  near 
its  junction  with  the  incus,  and  pulls  upon  it  in  such  a  direction 
that  the  bone  is  drawn  out  of  the  line  of  motion.  This  action, 
possibly,  has  the  effect  of  reducing  the  effect  of  the  more  ample 
vibrations  of  the  tympanic  membrane,  which  might  have  too 
great  an  effect  upon  the  liquid  rn  the  labyrinth. 

The  tympanum  is  connected  with  the  pharynx  by  means  of  the 
Eustachian  tube,  which,  though  habiiuully  closed,  is  opened  for 
a  moment  by  swallowing  and  other  motions  of  the  pharynx.  On 
the.se  occasions  air  can  pass  in  or  out  of  the  tympanum  easily,  so 
that  the  pressure  on  the  two  sides  of  the  membrane  of  the  drum 
is  equalized.  When  there  is  too  much  or  too  little  air  in  the 
tympanic  cavity,  the  tympanic  movements  are  impeded.  This 
difficulty  is  felt  when  one  has  a  bad  cold;  the  tube  is  occluded 
by  the  iuflamraatory  swelling;  of  the  mucous  membrane.  Or 
when  one  performs  what  is  kuowu  as  Valsalva's  experiment,  i.e., 
to  hold  the  nose  and  violently  puff  air  into  it ;  when  the  tubes 
are  blown  open,  too  much  air  is  often  retained  in  the  tympanum, 
so  that  the  pressure  from  within  is  higher  than  that  from  without, 
and  hearing  becomes  dull.  If,  now,  the  act  of  swallowing  be 
performed,  the  feeling  of  tension  leaves  the  ears  and  hearing  be- 
comes as  acute  as  before. 

The  Eustachian  tube  also  act«  as  a  way  of  escape  for  any  fluid 

that  may  be  secreted  by  the  epithelial  lining  of  the  tympanic 

L'wvity.    This  fluid  is  so  minute,  that  the  periodic  opening  of  the 


coNDUcrriON  through  the  labyrinth. 


603 


tube  suffices,  under  ordinary  circumstances  for  its  complete  escape. 
When  increased  by  disease,  however,  it  may  collect  in  the  tym- 
panum and  require  cathetcrizatiou. 

If  the  tube  were  permanently  open,  we  should  suffer  from  two 
great  disadvantages.  In  the  first  place,  at  every  breath,  even 
during  ordinary  respiration,  some  little  change  in  tension  of  tiie 
air  contained  in  the  cavity  of  the  drum  would  occur  and  impair 
the  hearing  ;  and  secondly,  the  vibrations  of  the  air  in  the  phar- 
ynx, produced  by  the  voice,  would  enter  the  drum  directly,  and 
give  rise  to  an  exaggerated  shouting  uoise. 

Conduction  through  the  Labyrinth. 

Every  motion  of  the  oval  base  of  the  little  stirrup  bone  causes 
a  wave  to  pass  along  the  liquid  in  the  labyrinth.  The  bony  cose 
of  the  iuternal  ear  being  firm,  and  its  contained  liquid — like 

Fio.  235. 


Diagram  of  tlie  membranous  labyriiitli. — a,  6,  e,  Kemicirciiliir  cnnala  open- 
ing into  the  vcntride  d;  e,  the  saccule  from  wliich  llie  uniting  uanul  leads 
into  the  iiicmbraaoiis  canal  of  the  cochlea,  j.    (ClelanJ.) 

most  liquids— quite  incompressible,  the  wave  travels  through  all 
the  parts  of  the  internal  ear.  Through  the  cochlea  it  can  arrive 
at  the  yielding  membrane  covering  in  the  round  opening,  which 
separates  the  cavities  of  the  tympanum  and  the  cochlea.  To 
pass  from  the  oval  vestibular  opening  which  is  closed  by  the 
stapes,  to  ihe  inner  tympanic  membrane  which  closes  the  scala 
tympani  of  the  cochlea,  the  waves  have  a  very  complex  route. 
From  the  liquid  lying  around  the  membranous  labyrinth — the 
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perilymph — the  waves  pass  up  the  fluid  in  the  vestibular  spiral 
of  the  cochlea,  and  arriving  at  its  summit,  they  descend  by  the 
tympanic  spiral  to  the  round  opening.  In  this  course  they  pass 
at  first  over  and  then  under  the  fluid  contained  in  the  membran- 
ous cauai  of  the  cochlea — endolymph — in  which  the  special  nerve 
terminations  of  the  cochlea  are  placed. 

For  the  construction  of  the  labyrinth  the  student  is  referred 
to  the  text-books  of  anatomy,  as  space  only  admits  of  a  brief 
account  of  the  special  arrangements  of  the  nerve-ending  being 
given. 

The  nervous  raechauisms  which  are  most  important  for  the  ap- 
preciation of  tones  are  those  situated  in  the  cochlea. 

The  endings  of  the  nerves  which  are  found  in  the  membranous 
sacs  in  the  vestibule  are  connected  with  peculiar  epitheloid  cells, 
to  which  are  attached  fine  bristle-like  processes.  These  processes 
lie  in  the  endolymph,  and  are  related  to  calcareous  masses  called 
oMilhs.  Waves  in  (his  endolyra])h  possibly  bring  the  otoliths 
into  collision  with  the  hairs,  and  thus  give  a  stimulus  to  the 
nerve-endings.  Thus  noises  may  be  heard,  but  no  fine  impres- 
sions of  tones  can  be  explained.  The  exact  use  of  the  nerves 
going  to  the  other  parts  of  the  labyrinth,  namely,  the  ampulla 
of  the  gemicireular  canah,  is  somewhat  doubtful,  and  possibly  not 
immediately  connected  with  hearing.*  The  coils  of  the  snail- 
shell-like  cochlea  are,  throughout  their  entire  length,  even  in  the 
dried  state,  partially  divided  into  two  by  a  kind  of  shelf  project- 
ing from  its  central  axis  into  the  spiral  cavity.  This  is  called 
the  otteoua  npiral  lamina.  In  the  fresh  state  the  separation  of  the 
spiral  canal  into  an  upper  (vestibuhir)  and  a  lower  (tympanic) 
coil  is  completed  by  a  membranous  partition,  which  stretches 
from  the  bony  spiral  lamina  to  the  opposed  side  of  the  spiral 
canal.  This  is  called  the  membranous  itpiral  lamina,  aud  forms 
the  base  upon  which  the  special  nerve-endings  of  the  organ  of 
hearing  are  spread  out.  An  extremely  delicate  membrane  called 
the  membrane  of  Reiitner  stretches  from  the  upper  side  of  the 


I 


*  Compare  equilibration,  in  coDnection  with  which  they  will  be  described, 
p.  039. 
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TraniTerse  section  through  the  meml}ranou.i  canal  of  the  cochlea.  (Cadiat.) 
— a,  Striated  lone  of  baniiar  membrane;  h,  Pectinate  lone  of  the  basilar 
membrane;  c,  Perforated  zone  of  basilar  membrane  through  which  the 
neri'es  posa;  d,  Nerve  fibres  from  spiral  ganglion;  f,  Spiral  ganglion;/, 
Limbiis ;  g,  Reissner's  niembrnne ;  k,  Tectorial  membrane ;  i,  Internal  rod 
of  Corti ;  m,  Eitemal  roiJ  of  Corti ;  o,  p,  p,  Special  cells  receiving  nerve 
terminals;  q.  Epithelial  celli  covering  the  basilar  membrane;  «,  Nerve 
fibres  ;  (,  Spiral  ligament. 
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Bpiral  partition  obliquely  upwards  to  the  outer  wall  of  the  spiral 
cavity,  so  as  to  cover  the  si>ecial  organ,  and  shut  off  that  part  of 
the  vestibular  coil  which  lies  over  the  membranous  spiral  lamina. 
Th'ii  eanal  of  the  cochlea  is  triangular  in  section,  and  is  separate 
from  the  rest  of  the  spiral  cavity.  Its  floor  is  made  up  chiefly 
of  the  membranous  spiral  lamina,  particularly  the  part  called 
the  batUar  membrane,  while  the  oblique  roof  is  composed  of  only 
the  thin  membrane  of  Reissner.  This  space  follows  the  turns  of 
the  cochlea,  lyiag  between  the  vestibular  coil  and  that  leading 
to  the  tympanum,  aud  it  is  filled  with  a  fluid  (endulymph)  which 
is  quite  separate  and  distinct  from  that  in  the  vestibular  or  tym- 
panic coils  of  the  cochlea  (perilymph). 

The  cochlear  division  of  the  auditory  nerve  passes  into  little 
tunnels  in  the  central  bony  column  around  which  the  coils  of  the 
cochlea  turn,  and  it  gives  off  a  spiral  series  of  branches  which 
run  through  the  osseous  spiral  lamina  to  reach  the  membranous 
portion.  A  collection  of  ganglion  cells  connected  with  the  radi- 
ating nerve-fibres  is  found  lying  in  a  spiral  canal  in  the  osseous 
lamina.  Passing  through  the  bony  spiral  the  nerves  reach  the 
basilar  membrane,  which,  as  before  mentioned,  forms  a  great  part 
of  the  membranous  spiral  lamiua,  and  upon  which  the  organ  of 
Corti  is  placed. 

The  organ  of  Corti,  placed  within  the  membranous  canal  of  the 
cochlea,  is  made  up  of  a  series  of  peculiarly  curved  bars  or  fibres, 
called  the  rods  of  Corti,  and  some  reniarkuble  cells  provided  with 
short,  bristle-like  processes.  The  rods  of  Corti  are  fixed  by  their 
broad  bases  upon  the  basilar  membrane,  and  unite  above  in  such 
a  way  that  the  outer  aud  inner  rods  together  form  a  bow  or  arch. 
The  spiral  series  of  rods  thus  propped  up  against  each  other  leave 
a  small  space  or  tunnel  under  them,  which  runs  the  entire  length 
of  the  basilar  membrane.  Beside  these  rods  of  Corti  are  placed 
rows  of  cells  of  an  epithelial  type  into  which  the  nerve-endings 
pass.  From  the  upper  surface  of  these  cells,  on  a  level  with  the 
apex  or  junction  of  the  rods,  a  number  of  hair-like  processes  pro- 
ject. A  delicate  reticulated  membrane  lies  over  the  rods  aud  the 
celU,  and  seems  to  be  lightly  attached  to  thoir  surface,  while  the 
hairs  pass  through  its  meshes. 
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The  batilar  membrane  is  made  up  of  fibrous  bands  held  together 
by  a  delicate  membrane.  Tbe  fibres  pass  transversely  across  the 
spiral  canal  of  the  cochlea,  so  as  to  subtend  the  bases  of  the  outer 
and  inner  rods.  The  basilar  membrane  gradually  becomes  wider 
as  it  passes  from  the  base  to  the  summit  of  the  cochlea.  The 
length  of  the  rods  also  increases  towards  the  summit  of  the  organ, 
their  bases  being  more  widely  separated  from  one  another  and 
their  point  of  junction  nearer  to  the  basilar  membrane,  so  as  to 
form  a  lower  and  wider  tunnel.  The  entire  number  of  rods  of 
Corti  has  been  estimated  at  3000. 

SriMtn^ATION   OF  THE   AUDITORY    NeRVE. 

The  stimulation  of  the  nerve  of  hearing  by  sound-vibrations  of 
the  air  is  less  difficult  to  understand  than  the  excitation  of  the 
optic  nerve  by  light-waves  which  are  conveyed  by  an  imponderable 
medium.  The  motions  of  the  membrane  of  the  drum,  being  con- 
veyed iu  the  manner  already  indicated  to  the  liquids  within  the 
internal  ear,  pass  first  over  and  then  under  the  ce\\%  connected 
with  the  nerve  terminals,  which  are  placed  on  the  elastic  basilar 
membrane.  The  iransrerse  fibres  are  set  in  molioH  by  the  waves 
in  the  fluid,  and  as  they  vibrate  they  communicate  the  motion  to 
the  rods  of  Corti.  Tlie  bases  of  tbe  inner  rods,  being  fixed  at  the 
inner  margin  of  the  basilar  merabmue,  can  move  but  little,  and 
the  bases  of  the  outer  rods  being  placed  near  the  middle  of  the 
fibres  of  the  membrane,  where  the  motion  of  the  vibrations  is  most 
extensive,  a  slight  change  in  their  relative  positions,  and  a  con- 
sequent movement  of  the  apex  of  the  bow,  must  take  place.  This 
movement  at  the  apex  of  the  bow,  where  the  rods  join,  is  commu- 
nicated by  the  medium  of  the  reticular  membrane  to  the  hairs  in 
the  special  auditory  cells,  thence  to  the  nerves,  where  an  excita- 
tion is  produced  which  gives  rise  to  the  transmission  of  an  impulse 
to  the  brain. 

But  we  can  distinguish  differences  of  (1)  loudness,  of  (2)  pitch, 
and  of  (.■?)  quality  in  sound. 

Since  the  loudness  depends  simply  on  the  amplitude  of  the  vi- 
bration, we  can  have  no  difficulty  in  understanding  how  varieties 
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in  it  cnn  be  appreciated,  since  tbe  more  ample  the  vibration  the 
more  marked  the  motion,  and,  therefore,  the  more  intense  the 
stimulation  of  the  nerve  terminals.  What  we  call  the  loudness 
of  a  sound,  then,  simply  means  greater  or  less  intensity  of  stimula- 
tion of  the  nerve. 

The  comprehension  of  the  perception  of  differences  of  pitch  pre- 
sents greater  difficulty.  Aa  already  mentioned,  this  depends  on 
the  rate  or  period  of  vibrations.  We  know  that  most  bodies 
capable  of  producing  sound  vibrations  have  a  proper  tone,  i.e., 
that  which  they  produce  when  struck.  When  the  proper  tone  of 
a  body  capable  of  vibrating  is  sounded  in  its  immediate  neighbor- 
hood, this  is  also  set  vibrating  through  the  medium  of  the  air.  If 
a  clear  tone  be  sung  loudly  over  the  strings  of  a  piano  a  kind  of 
sympathetic  echo  will  be  heard  to  come  from  the  cords,  on  account 
of  the  strings  corresponding  to  the  notes  sounded  being  thrown 
into  sympathetic  vibrations.  Now,  in  the  basilar  membrane  we 
have  practically  a  series  of  strings  of  different  length — since  the 
membrane  gets  wider  as  it  passes  from  below  upwards  to  the 
summit  of  the  cochlea — and  therefore  a  great  variety  of  proper 
tones.  With  a  high  note,  then,  a  fibre  of  one  part  of  the  mem- 
brane will  readily  fall  into  vibration,  and  with  a  low  note  a  fibre 
of  another  part.  Different  nerve  fibrils  are  in  relation  to  these 
different  parts,  and  thus  we  may  eonclude  that  tones  of  different 
pitches  stimulate  distinct  nerve-terminals,  and  are  conveyed  to 
the  brain  by  separate  nerve-channels.  Impulses  arriving  at  cer- 
tain brain-cells  then  give  rise  to  the  idea  of  high  tones,  and  im- 
pulses coming  to  others  cause  the  impression  of  lowtones.  Thereare 
about  a  sufficient  number  of  fibres  in  the  basilar  membrane  for 
all  the  notes  we  can  hear,  viz.,  from  about  30  to  4000  waves  in  the 
second. 

The  rods  of  Corti  cannot  be  the  vibrating  agents,  because  they 
are  too  few  in  number,  and  they  are  absent  in  birds,  which  appre- 
ciate and  reproduce  various  notes.  Further,  the  rods  are  not 
clastic,  and  therefore  not  well  suited  to  vibrate.  It  may  therefore 
be  concluded  that  they  ouly  act  as  levers  which  convey  the  vibra- 
tions of  the  fibres  of  tbe  basilar  membrane  to  the  nerve-endings 
in  the  auditory  cells. 


AUDITORY   8EN8ATIOS8. 


The  explanation  of  our  wonderful  appreciation  of  the  delicate 
shades  of  quality  of  tones  ia  more  difficult.  P^ven  persons  with 
indifferently  good  ears,  as  musicians  say,  and  no  special  musical 
education,  can  at  once  distinguish  between  the  quality  of  the  same 
note  when  sounded  on  a  violin,  a  piano,  and  a  flute.  In  examin- 
ing the  resound  from  a  piano  when  a  note  is  sung  against  its 
strings  it  becomes  obvious  that  with  ever  so  pure  a  tone  a  great 
number  of  strings  are  set  vibrating.  It  will  be  found  that  not 
only  the  string  which  sounds  the  note  vibrates,  but  also  all  those 
strings  that  have  a  certain  simple  numerical  relation  to  its  number 
of  vibrations.  In  fact,  all  its  over-tones  or  harmonica  are  also 
sounded.  Now,  in  the  cochlea  we  suppose  the  same  takes  place 
with  the  fibres  of  the  basilar  membrane.  Not  only  does  the  one 
fibre  whose  proper  tone  is  sounded  vibrate  in  response,  but  also 
all  those  fibres  which  represent  the  many  and  varied  over-tones 
or  harmonics  of  the  fundamental  tone  that  reach  the  ear.  It  has 
already  been  pointed  out  that  qualitt/  of  a  note  depends  on  the 
relative  number,  force,  and  arrangement  of  the  harmonics  which 
invariably  accompany  any  musical  note  possessing  a  definite  char- 
acter. 

When  such  a  note,  then,  arrives  at  the  auditory  Derve-terminals, 
one  of  these  ia  strongly  stimulated  by  the  wave  of  the  funda- 
mental tone,  and  many  others  are  stimulated  by  the  different 
over-tones.  Thus,  a  complexity  of  impulses,  corresponding  to  a 
mixture  of  tones  of  varying  intricacy,  is  transmitted  to  the  brain- 
cells,  where  it  gives  rise  to  the  impression  of  the  quality  which  we 
by  experience  associate  with  that  of  a  violiu,  fiute  or  piano,  as 
the  case  may  be. 

With  regard  to  the  judgment  of  the  distance  of  sounds,  it  need 
only  be  remarked  that  they  chiefly  depend  ou  former  experience 
of  the  habitual  quality  and  intensity  of  the  sounds.  A  faint  sound 
with  the  same  quality  that  we  familiarly  attribute  to  loud  sounds 
seems  to  us  to  be  far  away.  Thus,  sounds  reaching  our  labyrinths 
by  the  cranial  bones  appear  distant,  and  ventriloquists  deceive 
us  by  imitating  the  character  of  distant  sounds. 

In  man  the  direction  from  which  sounds  come  is  chiefly  judged 
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b}  the  difierence  of  distinctness  with  which  they  are  heard  by  one 
or  other  ear.  When  we  cannot  form  any  idea  of  whence  a  sound 
comes  we  usually  turn  our  heads  one  way  or  the  other  in  order  to 
present  one  ear  more  directly  to  the  origin  of  the  sound.  When 
a  sound  is  either  directly  behind  or  before  us  we  cannot  judge 
which  position  it  really  comes  from,  unless  the  head  be  slightly 
turned  to  one  side  or  to  the  other. 


CHAPTER  XXXIV. 


CENTRAL  NERVOUS  ORGANS. 


Fio.  237. 


The  more  important  properties  of  tlie  peripheral  nerves  and 
iheir  terminals  have  been  discussed  in  the  previous  pages.  The 
central  part  of  the  nervous  system,  which  remains  to  be  consid- 
ered, consiaU  of  the  spinal  marrow  and  the  brain.  These  parts 
are  composed  of  a  soil  texture,  the  elements  of  which  are  held 
ogether  by  a  peculiar  and  very  deli- 
cate form  uf  connective  tissue,  known 
as  Neuroglia.  With  the  naked  eye 
the  central  nervous  organs  can  be  seen 
to  be  made  up  of  two  distinct  kinds 
of  substance:  (1)  a  white  sul>stauce, 
which  is  found  by  the  microscope  to 
be  composed  of  nerve  fibres,  with  a 
medullary  sheath,  and  (2)  a  gray  sub- 
stance, consisting  of  a  dense  feltwork 
of  naked  axis  cylinders,  with  numer- 
ous  ganglion  cells  interspersed  be- 
tween them  in  various  quantities  and 
relationships. 

In  the  brain  the  gray  substance  is 
distributed  chiefly  on  the  surface, 
forming  a  kind  of  gray  cortex,  which 
follows  all  the  irregularities  of  the 
convolutions.     In  the  spinal  cord  the 

gray  matter  is  situated  inside,  and  the  white  outside.  The  gray 
Hubstance  of  the  cord  forms  separate  columns  on  either  side, 
which  run  its  entire  length,  but  is  thicker  in  the  cervical  and 
lumbar  regions.  These  gray  columns,  together  with  their  con- 
nection with  the  roots  of  the  spinal  nerves,  divide  the  white  sub- 
stance of  the  cord  into  separate  columns. 


Transverse  section  of  nerve 
fibrw,  showing  the  axis  cylin- 
ders cut  Hcross,  and  looking 
like  dots  9urrounile<l  by  a  clear 
zone,  which  Ls  the  medullary 
sheath.  Fine  connective  tis- 
sue separates  the  fibres  into 
bundles. 
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As  already  pointed  out,  the  nerve  fibres  are  Bimpty  conducting 
channels  for  the  transmission  of  nerve  impulses  from  one  cell  or 
terminal  to  another. 

The  nerve  or  ganglion  cells  are  remarkable  for  their  large  sire, 
their  large,  clear  nucleus,  distinct  nucleolus,  and  fibrillated  pro- 
toplasm.    They  have,  at  least,  one — more  commonly  several — 
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Multipolar  cells  from  ibe  anterior  gray  column  of  the  spinal  cord  of  the 
dog-fish  (a)  lying  in  a  texture  of  fibrib;  (6)  prolongation  from  cells;  (c) 
nerve-(ibre«  cut  across.     (Cadiat) 

processes  connected  with  them,  and  are  commonly  called  uni-, 
bi-,  or  multi-polar  cells.  Often  one  of  these  processes  is  more 
distinct  and  more  definite  than  the  others,  and  does  not  subdivide 
into  branches  like  them.  It  appears  to  be  connected  directly 
with  the  axis  cylinder  of  a  medullated  nerve  fibre. 

The  nerve-cells  can  conduct  the  nerve  impulses  which  reach 
them  by  any  of  their  attached  poles,  and  they  can  transmit  these 
impulses  on  to  other  cells  by  means  of  their  protoplasmic  strands 
of  intercommunication.  They  thus  frequently  seem  to  direct  an 
impulse  coming  by  a  sensory  or  afferent  nerve  from  the  surface 
back  agniu  by  an  efferent  nerve  to  some  texture  or  organ  in  the 
neighborhood.     Thus,  the  slightest  stimulation  of  the  conjunctiva 
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causes  immediate  and  iovoiuntary  winking  of  the  eyelid.  This 
kind  of  transmission  of  an  impulse  in  a  directiun  diflering  from 
that  by  which  it  arrived  at  the  nerve-celt  is  called  reflection,  and 
motions  such  as  that  just  alluded  to  are  called  refle.x  acts.  Col- 
lections of  cells,  whose  duty  seems  to  be  habitually  to  receive 
impulses  from  the  periphery  and  to  change  their  direction,  are 
called  reflex  centres. 

Some  groups  of  nerve-cella  send  forth  impulses,  either  con- 
stantly or  periodically,  without  receiving  any  nerve  impulse  from 
the  surface.  Such  centres  are  called  au- 
tomatic, since  they  appear  to  act  inde- 
pendently of  influences  from  without. 
The  only  source  of  energy  these  cells 
have,  is  the  warmth  and  nutrient  mate- 
rial carried  to  them  by  the  blood  flowing 
in  their  immediate  neighborhood.  The 
vaso-motor  centres  are  good  examples  of 
automatic  centres,  in  which  the  constant 
or  tonic  character  of  action  predomi- 
nates. The  respiratory  centre  is  one  from 
which  automatic  impulses  are  rhythmi- 
cally discharged  by  a  special  regulating 
apparatus. 

Besides  having  the  power  of  conducting,  reflecting,  and  oHgi- 
naiing  impulses,  we  must  attribute  to  the  activity  of  the  nerve* 
cells  of  the  brain  the  various  mental  phenomena,  such  as  feeling, 
thought,  volition,  memory,  etc.,  which  form  of  activity  may  be 
excited  either  by  impulses  arriving  from  without,  or  from  the 
spontaneous  (automatic)  action  of  the  cells  of  the  cerebral  cortex. 

The  Spinal  Cobd. 

Being  the  great  bond  of  connection  between  the  brain  and  the 
majority  of  the  peripheral  nerves,  the  spinal  cord  is  obviously  a 
conducting  apparatus  of  the  very  first  importance,  and  from  the 
quantity  of  nerve-cells  lying  in  its  gray  matter,  it  must  also  enjoy 
the  function  of  a  governing  organ  or  nerve  centre. 


s.  Sensory  receiving or^ 
gan  with  attached  affer- 
ent nerve  fibre,  a.  Cen- 
tral organs  —  ganglion 
cells.  M.  Peripheral  or- 
gan and  eflvrent  nerve. 
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Tbeee  two  great  duties  or  the  spinal  marrow  bad  better  be 
considered  separately: 


I. — Spinal  Cord  as  a  Conductor. 

From  tbe  anatomical  investigation  it  may  be  seen  that  there 
must  be  some  special  method  of  conducting  impulses  along  tbe 
spinal  marrow,  and  that  it  is  not  merely  a  collection  of  tbe  nerves 
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Diagram  illustrating  the  coune  probably  taken  by  the  iibres  of  the  nerre- 
roots  00  entering  the  spinal  cord.  (Scbafer.) — a.m./..  Anterior  median  fis- 
sure; p.m./.,  Posterior  median  fissure;  cc,  Central  canal;  ».r.,  Substantia 
gelntinosa  of  Rolando ;  a.a.,  Funiculi  of  anterior  root  of  a  nerve;  p.,  Funic- 
ulus of  posterior  root  of  a  nerve.  By  following  the  fibres  1, 2, 3,  etc.,  their 
course  through  tiie  gray  matter  of  the  spinal  cortl  may  be  traced. 

or  an  aggregation  of  the  fibres  that  spring  from  it.  In  the  first 
place,  these  nerves,  if  nil  bundled  together,  would  be  much  larger 
than  the  cord,  even  at  its  thickest  part;  and,  further,  it  does  not 
taper  evenly  towards  its  lower  extremity,  as  it  should  were  each 
succeeding  pair  of  roots  a  direct  loss  to  its  thickness. 
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The  posterior  roots  of  the  spinal  nerves  pass  through  the  white 
substance  to  reach  the  posterior  gray  colutun,  where  they  breaic 
up  iuto  numerous  fine  twigs,  which  are  distributed  to  neighboring 
parts  of  the  gray  network  of  fibrils,  in  which  they  are  lost  with- 
out their  union  with  the  cells  being  obvious  or  immediate.  The 
fibres  of  anterior  roots  traverse  the  sui)erficial  white  part  of  the 
cord  on  their  way  to  reach  the  anterior  gray  columns,  into  the 
cells  of  which  they  can  be  directly  traced.  The  numerous  pro- 
cesses from  these  cells  then  pass  into  the  fibrillar  network  which 
lies  between  the  cells  and  makes  up  the  great  mass  of  the  gray 
substance.  By  means  of  two  sets  of  fibres  (one  lying  in  the  lat- 
eral white  column  on  the  same  side,  and  another,  which  crosses 
at  once  to  the  other  side  of  the  cord)  these  cells  are  kept  in  com- 
munication with  the  parts  of  the  cord  above.  The  medullated 
nerve-fibres  of  the  cord  then  are  not  directly  continuous  with  those 
of  the  roots  of  the  spinal  nerves,  but  seem  only  to  have  the  func- 
tion of  connecting  the  difierent  regions  or  districts  of  the  cord 
with  one  another,  and  with  the  brain,  and  they  thus  establish  a 
near  relation  between  the  cells  in  the  lumbar,  dorsal,  and  cervical 
regions  of  the  spinal  cord,  with  the  medulla  oblongata,  etc. 

Histology  thus  leads  us  to  expect  that  the  essential  parts  of  the 
cord  are — (1)  innumerable  fibrils  in  the  gray  matter,  and  (2) 
series  of  groups  of  cells  all  intimately  connected  with  one  an- 
other, with  the  cells  in  the  masses  of  gray  matter  at  the  base  of 
the  brain  (cerebellum),  and  with  the  fibres  in  the  anterior  and 
posterior  spinal  roots,  by  which  they  are  related  to  sporadic  gan- 
glia and  the  various  tissues  and  organs.  The  white  fibres  of  the 
cord  are  then,  probably,  only  used  for  the  more  rapid  conveyance 
of  impulses  from  one  group  of  cells  to  some  others  lying  in  a 
distant  region  of  the  cord  itself,  while  the  raaiti  conducting  work 
is  accomplished  by  the  fibrils  of  the  gray  matter. 

Experiments  have  taught  us  the  following  facts:  1.  Section  of 
the  cord  causes  loss  of  both  sensation  and  motion  in  the  part 
behind — speaking  of  a  lower  animal — the  point  of  section  (Galen). 
2.  Section  of  one  side  of  the  cord  is  followed  by  loss  of  sensation 
on  the  same  side  with  increased  sensitiveness  and  loss  of  motion 
(recovering  slowly)  on  the  side  opposite  to  the  injury.    3.  Divi- 
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Bion  of  the  cord  in  the  median  line  gives  rise  to  impairnient  of 
feeling  in  a  badly-defined  part  of  the  surface,  but  no  loss  of  mo- 
on. 4.  Section  of  the  posterior  white  columns  gives  rise  to  the 
loss  of  perception  of  tactile,  temperature,  and  muscle  sense,  but 
the  sensation  of  pain  can  still  be  felt.  A  partial  section  of  these 
columns  ia  followed  by  a  local  loss  of  touch  in  a  part  of  the  skin 
of  corresponding  extent.  This  lesion  is  complete,  as  if  the  im- 
pulses were  transmitted  directly  by  definite  fibres  in  the  cord 
Irom  each  region  of  the  skin.  5.  Section  of  the  autero-lateral 
white  column  causes  loss  of  voluntary  power  in  a  corresponding 
part  of  the  same  side  of  the  body.  If  the  gray  matter  be  per- 
fect, the  power  of  motion  is  soon  restored,  showing  that  the  gray 
matter  can  take  on  a  function  habitually  performed  by  the  medul- 
lated  fibres.  The  respiratory  and  vaso-motor  impulses  appear  to 
be  conveyed  in  the  lateral  white  columns.  6.  If  the  gray  matter 
and  the  poisterior  white  columns  be  quite  cut  across,  the  impulses 
giving  rise  in  the  brain  to  common  sensation  (pain),  as  well  as 
tactile  impulses,  are  no  longer  carried  to  the  centres,  which  shows 
that  the  impulses  causing  common  sensation  travel  exclumvely  in 
the  gray  substance.  7.  Section  of  one  side  of  the  gray  matter 
has,  however  little  effect.  The  passage  of  painful  impressions  ia 
not  quite  lost,  even  if  both  sides  he  cut  at  different  regions  of  the 
cord.  The  dulness  of  feeling  is  moreover  general  below  the  in- 
jury; no  one  spot  of  skin  being  quite  aneesthetic.  A  kind  of 
delay  in  transmission  occurring  from  the  "  blocks,"  as  if  constant 
[decussation  of  the  fibrils  exists,  but  no  direct  or  special  channels 
of  communication.  If  the  posterior  white  column  be  left  intact, 
the  skin  may  transmit  tactile  impulses,  but  not  painful  ones.  This 
remarkable  condition,  called  "analgesia,"  sometimes  occurs  in  the 
human  being  when  partially  under  the  influence  of  chloroform. 

The  Spinal  Coed  as  a  Collection  of  Nerve  Centkes. 

The  various  groups  of  cells  in  the  spinal  cord  are  in  more  or 
less  direct  union  with  the  roots  of  the  nerves,  and  the  conducting 
fibrils  of  the  cord  itself,  so  that  they  participate  in  the  transmis- 
sion of  the  impulses  to  and  from  the  centres  situated  in  the  brain. 
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Id  the  traneniissioD  of  these  impulses  ike  cells  seem  to  have  a 
certain  directing  and  controlling  iuflueuce  which  deserves  special 
attenti<in,  as  it  gives  us  the  key  to  the  more  complex  mechanisms 
of  the  higher  centres.  Although  the  various  powers  exerted  by 
the  cells  of  the  spinal  curd  are  so  intimately  associated  together 
as  to  be  practically  inseparable,  it  is  found  convenient  to  consider 
their  functions  under  distinct  headings.  The  following  division 
of  their  duties  will  be  found  useful  in  working  out  their  general 
function,  viz.: 

1.  Their  influence  on  afferent  impulses. 

2.  Their  influence  over  efferent  impulses. 

3.  Their  automatic  or  independent  power  of  originating  im- 
pulses. 

When  an  impulse — the  result  of  some  slight  stimulus,  such  as 
the  prick  of  a  pin — arrives  at  the  cells  of  the  spinal  cord,  it  is 
at  once  communicated  to  the  other  cells  in  the  immeiliate  neigh- 
borhood, and  reaching  some  cells  connected  with  motor  nerves  it 
gives  rise  to  a  movement  of  the  muscles  of  the  neighborhood 
from  which  the  impulse  first  started.  At  the  same  time  impulsea 
travel  to  the  brain,  and  there  give  rise  to  a  consciousness  of  the 
various  events  taking  place,  i.e.,  a  local  stimulation  and  a  local 
movement.  The  action  of  the  cells  of  the  cord  takes  place  with- 
out the  aid  of  the  wilt,  and  generally  occurs  before  one  is  con- 
scious of  it ;  it  is  therefore  called  an  involuntary  act,  and  on 
account  of  being  a  throwing  back  of  the  impulse,  these  kinds  of 
movements  are  called  rejlex  ads. 

Reflex  action  forms  one  of  the  commonest  duties  of  the  cells 
of  the  spinal  cord.  Even  the  gentlest  stimulation  commonly 
gives  rise  to  a  complex  movement,  the  execution  of  which  requires 
many  muscles  to  act  together  with,  as  it  were,  a  common  object. 
Thus  the  sudden  prick  of  a  pin  in  the  finger  will  cause  a  person 
to  withdraw  the  hand  quickly  from  the  irritating  object.  If  a 
greater  or  niore  prolonged  slimulus  be  applied,  much  more  ex- 
tensive movements  occur,  and  these  are  in  the  same  way  accom- 
plished by  the  well-arrunged  cooperation  of  many  muscles,  acting 
together  in  a  such  a  way  that  a  definite  and  familiar  action  is  per- 
formed.    For  example,  if  the  burning  head  of  a  match  adhere 
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Diagram  illustrating  the  ooiirse  tiikeii  by  tlie  lil>ri>!>  in  tlie  ^pinul  cord. 
(After  Fick.) — a,  b,  and  c  represent  nLiliijiie  viewa  uf  three  iransverae  »eo- 
tions  of  the  conl,  the  (iKsiie  lietwcen  which  ia  supposed  lo  be  transparent. 
The  outline  of  the  gray  subntance  is  marked  with  a  line  which  incloaea  the 
ganglion  celU.  At  (he  lowest  section  (c)  sensory  nerve  fibres  (a)  enter  by 
llie  posterior  root,  and,  after  connection  with  ganglion  cells  of  the  gray  mat- 
ter, communicate  with  the  posterior  white  column,  through  which  some 
passes  directly  to  the  brain,  as  shown  by  the  direction  of  the  arrow-head 
pointing  to  (6).  This  is  the  route  which  offers  lea.it  resistance  to  an  impulse 
travelling  to  the  brain  through  the  cord.  Hence  it  is  that  traversed  by  wesk 
peripheral  (tactile)  stimuli.  By  the  same  posterior  root  arrive  impulses  at 
the  cord  which  may  traverse  the  finer,  more  irregular  and  resistant  fibrils 
of  the  gray  matter — shown  by  the  fine  lines.  Through  these  channels  pain- 
ful sen-oations  are  carried.  From  many  parts  of  the  gray  matter  of  the  cord 
ganglion  cells  may  dispatcli  impulses  by  the  motor  root  {d).  Hence  many 
reSex  actions  are  arranged.  When  un  impulse  comes  directly  from  the 
brain  (voluntary  centres)  it  adopts  the  direct  route  (c),  which  passes  through 
the  white  substance  of  tlie  anterior  columns  before  it  excites  the  motor  gan- 
glion cells  of  the  cord  to  coordinated  activity. 
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under  the  thumb-nail,  more  tban  a  mere  withdrawal  of  the  hand 
takes  place.  The  entire  arm  is  violently  shaken  with  the  ob- 
vious purpose  of  shaking  off  the  offtiiding  stimulus  before  the  will 
has  lime  to  come  into  operation.  Here,  then,  we  iiave  a  complex 
form  of  coordination  of  purposeful  muscular  movement,  as  the 
immediate  result  of  an  impultie  coming  from  the  skin,  and  this 
coordination  is  the  result  of  mutual  relationships  existing  be- 
tween the  cells  of  the'  cord  employed  in  transmitting  both  sen- 
fory  and  motor  impulses.  Not  only  is  the  movement  a  regular 
and  coordinated  act,  but  in  many  cases,  as  has  just  been  men- 
tioned, it  is  performed  with  a  definite  purpose,  as  if  it  were  the 
result  of  thought,  but  since  there  need  be  no  consciousuesa  it 
cannot  be  mental.  All  these  points  may  be  easily  studied  on  a 
frog  killed  about  au  hour  beforehand  by  decapitation.  If  a  frag- 
ment of  blotting-paper,  moistened  in  weak  acid,  be  placed  on  the 
skin  of  the  body  of  such  an  animal,  in  a  position  not  easily 
reached  by  the  foot,  a  moat  complex  series  of  movements  follows, 
first  with  one  leg  then  the  other,  or  with  both.  The  muscular 
action  is  both  elaborately  coordinated  and  purposeful ;  indeed, 
the  movements  of  the  beadles.s  animal  might  be  called  ingenious, 
and  usually  result  iu  the  removal  of  the  offending  paper. 

If  the  degree  of  the  stimulation  be  carefully  regulated,  it  will  be 
found  that  the  results  obtained  by  peripheral  stimulation  depend 
on  (a)  the  strength  of  the  stimulus,  and  the  length  of  time  for 
which  it  is  applied  ;  (b)  the  degree  of  excitability  of  the  cells  of 
the  cord  ;  (c)  the  readiness  with  which  the  impulses  pass  along 
the  tbiu  conducting  channels  to  the  gray  matter,  and  (d)  the 
functional  activity  of  the  muscles  which  act  as  the  indicators  of 
the  reflex  effects. 

By  graduating  the  strength  of  the  solution  of  acid  with  which 
a  square  millimetre  of  blotting-paper  is  saturated  before  it  is 
placed  on  a  frog's  foot,  the  following  results  are  obtained  :  When 
very  weak  acid  is  employed,  only  alight  local  and  unilateral 
movement  is  caused.  If  steeped  in  stronger  acid,  the  same  sized 
paper  produces  a  series  of  reflex  movements,  spreading  to  several 
muscles  on  both  sides  of  the  body.  If  the  stimulus  be  further 
strengthened,  the  movements  become  violent  and  more  extended 


620 


MANUAL  OF    PUYSlOLiJOY. 


until  the  whole  body  U  tossed  about  by  coordinated  motions. 
The  raoveinents  seem  to  spread  from  the  local  nerve-cells  to  their 
neighbors,  and  then  to  reach  those  governing  the  corresponding 
muscles  of  the  other  side,  in  which,  however,  they  are  always  less 
marked  than  iti  those  of  the  side  stimulated.  This  spreading  of 
movement  from  one  set  of  muscles  to  another,  as  the  strength  of 
the  stimulus  is  increase4l,  of  course,  must  be  preceded  by  a  spread- 
ing of  the  impulse  from  one  group  of  nerve-cells  in  the  cord  to 
another  by  a  kind  of  radiation  from  the  focus  of  excitation. 

Very  slight  stimulation,  though  not  sufficient  to  produce  imme- 
diate response,  may,  after  a  time,  give  rise  to  definite  reflex  action, 
as  if  the  weak  impulses  arriving  at  the  nerve-cells  in  the  cord  were 
stored  up  until  their  sum  sufficed  to  produce  a  definite  reflex 
movement.  This  may  also — indeed,  much  better — be  seen  iu  ani- 
mals whose  nerve  centres  are  intact,  for  the  cells  of  more  remote 
parts  exercise  a  kind  of  checking  influence  on  those  in  the  region 
receiving  the  stimulus,  and  thus  the  accumulative  action  (summa- 
tion) comes  more  commonly  and  more  effectively  into  play.  This 
is  seen  iu  the  iiuman  subject  where  slight  visceral  stimulations 
exist  for  a  long  time.  In  some  of  .these  cases,  even  without  any 
really  sensory  appreciation  of  any  local  excitation,  an  amount  of 
energy  may  be  accumulated  along  the  gray  tract  of  the  cord  from 
the  prolonged  income  of  impulses,  that  will  bring  on  the  meet  ex- 
tensive forms  of  reflex  muscular  movement,  and  give  rise  to  serious 
results.  These  movements  are  generally  different  from  the  regular 
coordinated  motion  resulting  at  once  from  an  adequate  skin  stim- 
ulation, and  have  usually  a  tendency  to  assume  a  convulsive  form. 
As  an  example  of  this  may  be  named  the  convulsions  that  com- 
monly occur  in  young  children,  from  the  prolonged  irritation  of 
intestinal  worms,  or  during  the  painful  period  of  dentition.  Epi- 
lepsy and  hydrophobia  may  possibly  be  explained  in  the  same 
way. 

In  certain  conditions  of  the  nervous  system  these  irregular 
movements  or  spasms  (convulsions)  can  be  excited  much  more 
readily  than  is  normally  the  case.  As  most  striking  among  these, 
may  be  named  poisoning  with  the  alkaloid  of  nux  vomica  (strych- 
nia) and  the  state  of  the  blood  which  is  produced  by  ceuatiou  of 
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the  respiratory  function  (asphyxia).  These  toxic  conditions  of 
the  blood  bring  about  a  peculiar  excitable  condition  of  the  cells 
or  conducting  fibres  of  the  spioal  cord,  in  which  iinpulaes  seem  to 
pass  with  unwonted  facility  from  one  part  to  another,  and  give 
rise  to  an  excessive  degree  of  action  even  in  response  to  normal 
8ti radiations.  A  frog  poisoned  with  strychnia  is  thrown  into  gen- 
eral spasm  of  the  entire  body  by  even  the  least  touch,  which  nor- 
mally would  outy  cause  it  to  withdraw  the  limb  slowly. 

On  the  other  hand,  there  are  many  poisons  which  aeera  to  have 
the  effect  of  dulling  the  reflex  powers  of  the  cord  centres,  among 
these  are  opium,  chloroform,  chloral,  digitalin,  etc.  And  the 
condition  of  the  blood  which  may  be  brought  about  by  too  rapid 
respiratory  movements  (apncea),  has  also  the  effect  of  lowering 
the  excitability  of  the  spinal  nerve-cells,  and  slowing  respiration. 

The  great  majority  of  reflex  actions  may  be  prevented  or  con- 
trolled by  the  will,  and  the  nnasses  of  celts  in  the  basal  ganglia 
and  medulla  seem  habitually  to  exert  a  checking  or  inhibitory 
action  on  the  reflex  actions  of  the  spinal  cord.  It  is  in  this  way 
that  we  account  for  the  well-known  facts  that  in  a  frog  which  has 
not  been  decajiitated  it  is  impossible  to  induce  the  ordinary  regu- 
lar reflex  movements,  and  that  a  human  being,  when  asleep,  shows 
well-marked  reflex  action  in  response  to  a  slight  stimulus  that 
would  be  quite  ineffectual  when  he  is  awake.  We  know,  too, 
that  for  some  little  time  after  pithing  a  frog  one  cannot  count  on 
constant  or  regular  results,  because  the  act  of  section  of  the  upper 
part  of  the  spinal  cord  acts  as  a  stimulus  to  those  channels  which 
habitually  bear  impulses  from  the  brain,  and,  by  exciting  them, 
has  the  same  inhibitory  effect.  Further,  it  has  been  said  that 
artificial  stimulation  of  the  corpora  quadrigemina  and  medulla 
have  the  effect  of  completely  checking  the  reflex  action  of  the 
cord. 

It  is  not  only  impulses  coming  from  the  higher  centres  that  are 
capable  of  inhibiting  reflex  activity.  If,  while  the  cord  is  em- 
ployed in  reflex  action,  iu  response  to  gentle  cutaneous  stimula- 
tion, a  large  sensory  nerve  trunk  be  stimulated  with  an  interrupted 
electric  current,  the  reflex  action  ceases.  In  short,  it  may  be 
accepted  that  strong  impulses   arriving  at  the  cord  from   any 
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direction,  have  the  effect  of  inhibiting  the  action  of  its  reflecting 
cells. 

The  theory  of  reflex  action  lies  at  the  bottom  of  all  nervous 
activities,  and  it  is  therefore  useful  to  attem|)t  to  work  out  the 
details  of  the  mechanisms  by  means  of  which  it  is  carried  on. 
The  simplest  scheme  of  the  channels  traversed  by  the  impulses  is 
given  in  the  diagram  (Fig.  241),  in  which  the  arrow-heads  show 
the  direction  of  the  afferent  impulse  passing  along  the  posterior 
root  of  the  cord  to  reach  the  cell  in  the  posterior  gray  column, 
thence  through  the  fine  gray  uetwork,  it  passes  to  a  cell  in  the 
anterior  column,  to  reach  the  efferent  fibre,  and  through  the  an- 
terior motor  root  of  the  nerve  on  its  way  to  the  muscle.  It  has 
been  suggested  that  the  impulse  meets  with  considerable  resistance 
in  passing  through  the  pruto]>lasm  of  the  cells,  and  that  owing  to 
this  resistance  the  effect  of  a  slight  stimulus  remains  localized, 
while  a  more  powerful  irritation  gives  rise  to  impulses  that  can 
overcome  the  resistance,  and  thus  spread  to  a  greater  number  of 
cells,  even  reachiug  those  situated  in  a  remote  district.  Thus  the 
coordination  in  the  cord  would  be  simply  dependent  on  the  ina- 
bility of  the  impulses  to  affect  cells  other  than  those  in  their  im- 
mediate neighborhood,  and  the  relation  between  the  strength  of 
stimulus  and  the  effect  would  in  this  manner  be  easy  of  explana- 
tion. It  has  also  been  suggested  that  this  resistance  is  increased 
by  impulses  arriving  at  the  cells  from  ti  different  direction,  and 
the  checking  or  inhibitory  action  of  the  higher  centres,  or  intense 
peripheral  excitation  of  another  part,  impedes  the  spreading  of 
the  impulses  to  be  reflected,  and  a  lesser  result  is  obtained. 

But  this  view  of  raUiance  to  and  interj'erenee  with  the  trans- 
mission of  impulses  in  the  nerve-cells  hardly  explains  all  the  phe- 
nomena observed  even  in  the  reflex  action  of  the  spinal  cord  and 
the  various  modifications  it  can  undergo  with  varying  conditions. 
It  will,  however,  help  us  in  formulating  the  mechanism  if  we 
suppose  the  resistance  in  the  gray  part  of  the  nerve  centres  to 
be  much  greater  than  in  the  ordinary  nerve  channels,  and  that 
throughout  it  the  ways  are  so  infinitely  numerous  that  we  can 
imagine  every  individual  nerve-cell  to  be  in  corarouuication  with 
every  other  nerve-cell  by  some  path  possible  of  being  traversed. 
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But  these  paths  have  to  be  made  passable  by  use ;  the  oftener  an 
impulse  traverses  a  given  route  the  more  adapted  such  a  route 
becomes  for  future  traffic.     Thus,  by  practice  or  the  habit  of  using 


Diagrutn  of  tlie  paths  taken  liy  llic  iinpulsea  in  tlie  brain  and  cord. — M  .M, 
motor  channels;  ss,  Bennorv  channels;  rr.,  cranial  nerves. 

certain  sets  of  muscles,  we  constantly  freshen  certain  channels  of 
intercommunication  between  the  various  cells  of  the  cord,  and  thus 
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make  beaten  tracks,  along  which  impulses  can  pass  without  hin- 
drance. The  nerve-paths  along  which  the  impulses,  producing 
certain  moTements  commonly  performed  by  every  individual,  have 
to  psn,  are  no  doubt  prepared  by  the  long  practice  of  our  ances- 
tors, and  the  power  of  jjerforming  these  actions  is  transmitted  to 
us  ready  for  immediate  application.  Other  paths  required  for  the 
production  of  unusual  combinations  of  movements  have  to  be 
worked  out  by  the  individual,  and  much  of  the  difficulty  of  learn- 
ing any  trade  depends  on  the  necessity  of  making  impulses  readily 
traverse  some  deBnite  directions,  so  as  to  excite  certain  groups  of 
cells  to  act  synchronously  and  set  certain  sets  of  muscles  in  accu- 
rately coordinated  motion.  Indeed,  the  delicacy  of  manipulation 
required  by  some  trades  cannot  be  attained  in  the  lifetime  uf  one 
individual ;  thus,  it  is  said  to  take  three  generations  to  make  a 
|>erfect  glass-blower ;  the  grandson  having  the  benefit  of  the  he- 
reditary tendency  to  accomplish  certain  coordinations  acquired 
by  the  life-long  habit  of  the  parents. 

The  reflex  convulsions  that  occur  in  poisoning  with  strychnia, 
or  as  the  result  of  some  constant  but  slight  stimulation,  may  be 
explained  as  follows: 

Wo  know  that,  besides  the  resistant  thin  paths  of  connection 
between  the  cells  of  the  cord,  there  also  exist  niedullated  fibres — 
short  cuts,  as  it  were — for  impulses  to  travel  from  one  part  of  the 
cord  to  another,  for  the  various  cell  groups  arc  in  communication 
with  those  situated  in  the  other  regions,  by  means  of  fibres  that 
lie  in  the  white  columns.  Now,  if  we  suppose  the  ordinary  reflex 
traffic  of  the  cord-cells  to  be  carried  on  without  the  assistimeo  of 
these  direct  lines  of  communication,  we  must  assume  that  there  is 
some  special  means  of  shutting  these  fibres  out  of  the  working  of 
the  reflex  machine.  Such  special  mechanisms  do,  in  alt  proba- 
bility, exist,  and  are  in  relationship  with,  or  under  the  command 
of  the  inhibitory  cells  of  the  higher  centres.  We  may  then  sup- 
pose that  strychnia  removes  the  power  of  these  special  ?jgent8,  and 
the  impulses  finding  the  direct  ways  from  one  part  of  the  cord  to 
another  open,  take  these  routes,  aud  are  simultaneously  and  irregu- 
larly diflused  throughout  all  the  cell  territories  (independent  of 
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the  ordinary  paths  they  have  been  educated  to  follow),  and  thus 
convulsive  movements  are  excited  in  many  parts  of  the  body. 

In  like  manner  we  can  imagine  that  the  unremitting  activity 
necessary  to  keep  in  check  the  impulses  arriving  from  a  constant 
sourceof  stimulalirm,  such  as  intestinal  worms, eveutually  fatigues 
the  active  elements  in  this  inhibitory  mechanism,  and  then — often 
suddenly — the  force  of  the  accumulated  irritation,  no  longer  re- 
strained by  the  checking  influence,  rushes  along  the  direct  chan- 
nels to  ati  parts  of  the  cord,  and  simultaneously  exciting  them 
brings  many  discordant  muscles  into  spasmodic  action. 

The  reflection  of  an  impulse  from  a  sensory  nerve,  through  the 
cells  of  the  spinal  cord  to  a  motor  nerve,  occupiea  a  measurable 
length  of  time,  which  has  been  estimated  at  about  -^  of  a  second. 
The  time  required  for  the  performance  of  a  reflex  act  varies  con- 
siderably in  the  same  individual  under  diHbreut  conditions;  of 
these,  high  temperature  aud  intense  stimulation  shorten  the  time, 
and  fatigue  or  cold  lengthen  it. 


Special  Reflex  Centres. 

Many  of  the  groups  of  nerve-cells  in  the  cord  are  employed  in 
executing  definite  familiar  acts  essential  to  the  animal  economy 
and  more  or  less  independent  of  the  will.  Many  of  these  acts  are 
very  complex,  and  re(|uire  the  coordinated  action  of  certain  seta 
of  muscles  and  the  inactivity  of  others.  Such  groups  of  nerve- 
cells  have  been  called  special  centres,  and  many  of  them  have 
already  been  referred  to  in  the  preceding  chapters,  where  a  fuller 
consideration  of  them  may  be  found.     The  more  important  are: 

1.  A  centre  for  securing  the  retention  of  the  urine  by  the  tonic 
contraction  of  the  sphincter  muscle  of  the  bladder.  This  group 
of  nerve-cells  is  probably  kept  in  action  by  impulses  arriving  from 
the  bladder  by  the  afferent  nerves,  passing  from  its  walls  to  the 
spinal  cord.  The  more  distended  the  bladder  becomes,  the  more 
powerful  the  stimulus  sent  to  the  cord,  and  therefore  the  more 
firmly  the  sphincter  is  made  to  contract. 

2.  Nearly  related  to  the  former  is  the  centre  which  presides 
over  the  evacuation  of  the  bladder.     This  is  excited  by  impulse* 
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arriving  from  the  urethra,  near  the  neck  of  the  bladder.  It  then 
sets  the  detrusor  muscle  iu  action,  while  the  sphincter  is  relaxed 
by  voluntary  inhibition. 

3.  The  ejaculation  of  the  semen  may  also  be  said  to  be  accom- 
plished by  a  special  spinal  centre,  capable  of  controlling  certain 
special  movements,  in  which  involuntary  muscles  play  an  im- 
portant part. 

4.  In  parturition  a  number  of  motions  are  called  into  play  (as 
well  as  the  uterine  contraction )  which  are  so  regularly  coordinated 
as  to  entitle  us  to  suppose  that  they  are  arranged  by  a  Bf)ecial 
centre  in  the  spinal  cord. 

5.  The  act  of  defecation  is  accomplished  by  means  of  a  spinal 
centre  also.  The  action  of  this  centre  might  (like  that  presiding 
over  the  urinary  bladder)  be  divided  into  two  parts — retention 
and  evacuation — in  which  volition  and  intestinal  peristalsis  play 
a  very  im]>ortaut  part. 

AirroMATisM. 

Besides  being  excited  to  action  by  impulses  coming  from  the 
brain — i'o/i<ion— and  from  the  surface — refiectum — the  groups  of 
cells  in  the  spinal  curd  may  act  without  any  obvious  incoming  im- 
pulse ;  that  is  to  say,  some  of  the  cells  are  capable  of  spontaneous 
activity.  Such  groups  of  nerve-cells  are  commonly  called  auto- 
matic centres;  the  mure  important  of  those  found  in  mammalia 
may  be  classified  as  follows  : 

1.  Vuso-niolor centres:  Though  the  central  point  from  which 
the  contraction  of  the  bloodvessels  is  controlled  is  situated  in  the 
medulla,  there  is  no  doubt  that  even  in  mammalia  centres  are  dis- 
tributed throughout  the  gray  matter  of  the  spiual  marrow,  which 
are  capable  of  keeping  up  the  arterial  tone  in  the  regions  to  which 
they  correspond.  As  evidence  of  this  may  be  mentioned  the  fact 
that  the  dilatation  of  the  arteries,  which  follows  the  severance  of 
the  lumbar  part  of  the  cord  from  the  medulla,  only  lasts  a  few 
days,  after  which  the  vessels  again  contract  in  the  usual  tonic 
manner.  The  arterial  tonus  only  disappears  completely  and 
permanently  when  the  spinal  cord  is  destroyed.  Thus,  it  would 
appear — although  habitually  the  vessels  of  all  the  body  are  regu- 
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lated  by  a  centre  in  the  tnedulla,  nearly  related  to  the  cardiac 
centre — that  every  vascular  region  has  a  nervous  mechanism  of 
its  own  in  the  cord,  which  suffices  to  keep  up  the  tonic  contraction 
of  the  muscular  coat  of  its  vessels  as  soon  as  the  necessary  new 
lines  of  intercoraniuuication  have  been  opened  between  the  differ- 
ent districts  most  nearly  related  to  it. 

2.  Sweating  centres :  Though  closely  related  to  the  preced- 
ing, the  centres  which  preside  over  the  secretion  of  sweat  in  the 
lower  part  of  the  body  and  hinder  extremities  must,  for  many 
reasons  which  cannot  now  be  mentioned,  be  regarded  as  separate 
centres. 

3.  Many  sets  of  smooth  muscle-fibres  appear  to  be  kept  in  a 
state  of  tonic  (automatic)  contraction  by  means  of  centres  in  the 
cord.  Thus,  in  the  lower  part  of  the  cervical  cord  is  a  group  of 
nerve-cells  whicli  keep  the  dilator  muscle  of  the  iris  partially  con- 
tracted ;  a  narrowing  of  the  pupil  has  been  described  as  following 
injury  of  tliis  region. 

4.  The  gray  matter  of  the  cord  is  also  said  to  keep  the  skeletal 
muscles  in  a  state  of  slight  tonic  contraction,  either  from  auto- 
matic or  reflex  stimulation. 

On  account  of  the  elaborate  and  purposeful  reflex  movements 
performed  by  decapitated  frogs  or  eels,  it  has  been  suggested 
that  in  the  lower  vertebrates  the  spinal  cord  is  capable  of  sensation 
and  volition — mental  activity — but  to  follow  this  assumption,  we 
should  have  to  modify  our  ideas  of  volition  and  sensation,  for 
which  consciousness  is  commonly  taken  to  be  a  necessary  factor. 
It  is,  however,  important  to  note  that  the  lower  we  come  in  the 
scale  of  vertebrate  animals  the  less  powerful  are  the  mental  facid- 
ties,  and  the  more  important  are  the  functions  that  the  spinal 
marrow  presides  over. 


CHAPTER  XXXV. 
THK  MEDULLA  OBLONGATA. 

The  "oblong  marrow"  is  the  direct  continuatiou  of  tbe  spinal 
marrow,  and  contains  the  difierent  items  in  the  construction  of 
the  latter,  prolonged  upwards  and  mingled  with  some  additional 
gray  masses.  The  exact  relationship  of  the  difierent  parts  of  the 
medulla  to  those  of  tbe  spinal  cord  may  be  best  understood  if  we 
suppose  the  latter,  when  it  reaches  its  upper  limit,  to  be  split 
vertically  on  its  posterior  side  down  to  the  central  canal,  and  the 
lateral  masses  so  separated  from  one  another  that  the  central  gray 
part  of  the  spinal  cord  becomes  spread  out  on  the  posterior  sur- 
face of  the  medulla  oblongata.  The  gray  matter  of  the  medulla 
oblongata  consists,  then,  of  two  portions  distinct  from  each  other ; 
one  being  tbe  direct  continuation  of  the  gray  columns  of  the  spinal 
marrow,  and  the  other  being  made  up  of  certain  gray  nodules 
irabeddcil  here  and  there  among  the  white  strands.  These  latter, 
as  a  rule,  subserve  special  functions,  while  tbe  continuation  of 
the  gray  columns  of  tbe  spinal  cord,  which  are  spread  out  on  the 
floor  of  the  fourth  ventricle,  contains  tbe  nerve-cells  that  preside 
over  the  movements  which  are  most  important  for  the  every-day 
business  of  life. 

The  functions  of  the  medulla  noay  be  conveniently  divided,  in 
tbe  same  manner  as  those  of  the  cord,  into  its  conducting  power 
and  its  use  as  a  central  nervous  organ. 


The  Medulla  Oblongata  as  a  Conductor. 

The  various  columns  of  the  spinal  cord  are  so  distributed  in 
the  medulla  that  the  anatomy  of  their  course  gives  some  indica- 
tion of  the  channels  by  which  impulses  are  carried  through  it. 
But  here,  as  in  the  spinal  cord,  we  should  remember  that  the 
white  fibres  must  be  regarded  as  tbe  direct  and  rapid  means  of 
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transit  of  impulses,  while  the  felt-work  of  fine  fibres  in  the  gray 
part  can  also  couduct  impulses  in  all  direction*.  Though  the 
readiness  of  transit  is  much  less  along  the  thin-fibred  network  than 
via  the  direct  raedullated  routes,  the  complexity  of  paths  and  the 
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XMagram  of  Brain  and  Medulla  Oblongata.  (Cleland.) — n,  Spinal  cord; 
6,  i,  Cerebellum  divided,  and,  above  it,  the  valve  of  Vieiissens  portiallj  di- 
vided; e.  Corpora  qtindrigeniina;  rf,  d.  Optic  thalami ;  ?,  pineal  body;  /,/, 
Corpora  striata ;  17,  g,  Cerebral  hemispheres  in  section  ;  A,  Corpus  callostim  ; 
i,  Fornix;  /,  /,  Lateral  vcnlriclea  ;  3,  Third  ventricle;  4,  Fourth  ventricle; 
6,  Fifth  ventricle,  buunded  on  each  side  by  septum  lucidum. 


variety  of  directions  in  which  they  lead,  is  much  greater  in  the 
gray  than  the  white  substance.  It  is  by  means  of  the  gray  sub- 
stance that  the  two  lateral  parts  of  the  medulla  are  so  nearly 
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related  to  one  another,  and  the  local  centres  are  kept  in  communi- 
cation with  the  distant  parts. 

The  posterior  gray  columns  of  the  spinal  cord  are  partly  con- 
tinued on  by  fine  Btrands  into  the  cerebellum  by  its  peduncles, 
and  partly  are  carried  on  to  the  brain  through  the  cerebral 
peduncles.  The  antero-lateral  columns  are  also  distributed  in 
part  through  the  pyramids  and  peduncles  to  the  cerebrum,  and 
in  part  by  the  restiform  bodies  and  peduncles  to  the  cerebellum. 
In  the  pyramids  the  decussation  of  the  anterior  columns  takes 
place,  and  it  is  believed  that  this  is  the  point  at  which  the  direct 
channels  carrj-ing  voluntary  motor  impulses  to  the  skeletal  mus- 
cles pass  across  from  one  side  of  the  body  to  the  other. 

It  must  always  be  remembered  that  the  medulla  is  the  only 
route  between  the  brain  and  the  spinal  cord,  and  in  it  some 
medullated  channels  cross  and  separate  to  pass  to  their  cerebral 
connections,  and  the  gray  part  of  the  spinal  marrow  is  spread  out 
on  the  floor  of  the  fourth  ventricle,  and  amplified  by  the  addition 
of  several  se))arate  foci  of  gray  matter. 

The  Medulla  Oblongata  Aa  a  Central  Organ. 

A  number  of  groups  of  ganglion  cells  with  special  and  specific 
duties  are  located  in  the  medulla;  indeed,  those  acts  which  are 
obviously  most  important  for  the  due  execution  of  the  vegetative 
Ainctions,  are,  for  the  most  part,  arranged  and  governed  by  the 
nerve-cells  of  the  medulla.  Some  of  these  centres  may  be  called 
automatic,  though  they  are  variously  affected  by  many  impulses 
arriving  from  diHtant  points,  and  others  are  purely  reflex  in  their 
action.  The  former  are  the  more  immediately  essential,  and  will 
therefore  be  considered  first. 


Respiratory  Centre. 


^^p         The  centre  which  regulates  the  motions  of  breathing  has  been 

f  known  to  be  situated  in  the  floor  of  the  fourth  ventricle  at  the 

I  upper  and  back  part  of  the  medulla  ever  since  Floureus  showed 

I  that  injury  of  this  spot — the  vital  point — was  folli>wed  by  almost 

I  instant  cessation  of  respiratory  movements  and  death. 

■1 
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This  centre  ia  a  good  example  of  a  ao-called  automatic  centre  ; 
that  is  to  say,  the  blood  flowing  through  the  medulla  and  nour- 
ishinj^  the  cells  suffices  to  supply"  them  with  the  necessary  energy 
for  their  periodic  activity,  and  we  know  that  the  quality  of  the 
blood  reaching  this  part  modifies  the  activity  of  the  cells;  for 
the  leas  oxygen  and  the  more  carboniu  acid  contained  in  the 
blood,  the  more  powerfully  does  it  act  as  a  stimulant  to  the 
centre. 

Although  we  take  the  respiratory  centre  as  an  example  of  an 
automatic  centre,  its  daily  work  ia  arranged  by  means  of  afferent 
impulses,  so  that  the  normal  rliytlim  of  breathing  is>  regulated 
and  maintained  by  reflex  actiou.  The  mechanical  states  of  the 
lungs — whether  distended  as  in  inspiration  or  contracted  aa  in 
expiration — seem  to  excite  the  terminals  of  certain  fibres  of  the 
vagus,  which  carry  impulses  to  the  centre,  and  thus  excite  or  re- 
strain the  inspiratory  movements. 

But  ibia  automatic  centre  can  also  be  influenced  by  the  higher 
centres  of  the  brain,  for  by  our  will  we  can  obviously  regulate 
our  breathing  movements  or  stop  breathing  altogether  for  a  time. 
And  further,  the  action  of  the  respiratory  centre  can  be  much 
altered  by  impulses  arriving  from  the  surface,  as  may  be  seen  by 
the  gasping  inspirations  which  involuntarily  follow  the  sudden 
application  of  cold  to  the  surface. 

Again,  the  activity  of  the  centre  may  be  quite  altered  by  stimu- 
lations of  certain  parts  of  the  air-passages;  ao  much  so,  that  con- 
vulsive actions  of  the  respiratory  musclea  are  brought  about, 
which  induced  some  to  speak  of  a  aneezing  centre  and  a  coughing 
eenlreia  the  medulla.  But  sneezing  and  coughing  may  be  equally 
well  explained  as  a  peculiar  form  of  activity  of  the  respiratory 
centre,  or  a  reflex  alteration  in  the  respiratory  rhythm,  caused  by 
irritation  of  the  nasal  or  laryngeal  mucous  membranes,  as  by 
supposing  that  special  reflex  centres  exist  for  the  purpose  of  sneez- 
ing or  coughing. 

Though  the  action  of  the  respiratory  centre  can  be  modified 
by  (I)  the  will  and  by  (2)  varioua  peripheral  stimulations,  and 
is  habitually  regulated  from  the  periphery  through  the  (3)  vagi 
by  the  state  of  the  lunga,  the  condition  of  the  blood  supplied  to 
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caUblifibed  wbea  tlie  blood  flovtog  througfa  it  k  abaoriBAllj 
vceoua  and  the  celli  become  over-stimulated.  We  all  know  bow 
■iiort  a  time  we  can  bold  our  breatb  br  voluntary  checking  of  the 
centre,  and  moet  people  have  had  occasion  to  ubserve  the  inordi- 
nate and  painful  eflhrts  of  a  person  «ho«e  respiration  is  interfered 
with  by  disease.  When  the  djspnoea  becomes  intense,  nearly  all 
the  muscles  in  the  body  are  called  into  action.  Thus,  in  quiet 
breathing  comparatively  few  nerve  cells  in  the  medulla  carry  on 
the  work  of  respiration,  but  under  certain  emergencies  they  can 
call  to  their  aid  the  entire  motor  areas  of  the  gray  substance  of 
the  spinal  cord,  and  thus  give  rise  to  a  kind  of  general  eSbrt. 
Hence  we  often  hear  of  a  eonvtUtive  eetUre  in  the  medulla  being 
placed  in  close  relation  to  the  respiratory  centre.  In  cases, 
namely,  irritation  of  the  air-passage?,  or  imperfect  oxidation  of 
the  blood,  the  coDvulsive  centre  comes  under  the  command  of  the 
cells  of  the  respiratory  centre,  which  can  then  excite  coughing, 
sneezing,  or  convulsive  inspiratory  effort. 

As  already  mentioned,  the  convulsion  of  asphyxia  may  also,  in 
part  at  least,  be  explained  by  the  impure  blood  acting  as  a  stim- 
ulus to  the  cells  of  the  cord  itself. 

The  Vaso-motor  Centre. 

It  has  already  been  stated  that  groups  of  cells  exist  in  the  gray 
part  of  the  spinal  cord,  which,  accordiug  to  the  class  uf  animal, 
have  more  or  less  direct  influence  upon  the  muacles  in  the  coats 
of  the  vesisels.  Thus  in  a  frog,  whose  brain  and  medulla  have 
been  destroyed,  in  some  hours  the  vessels  of  the  web  regain  a 
considerable  degree  of  constrictiou,  which  is  again  lost  if  the  cord 
be  destroyed.  In  the  dog  the  vessels  of  the  hinder  limb  also 
recover  their  tone  more  or  less  perfectly  in  a  few  days  after  the 
epiual  marrow  has  been  cut  in  the  dorsal  region,  although  just 
after  the  section  they  are  widely  dilated  from  the  paralysis  of 
their  muscular  coats.  In  a  few  days,  then,  the  cells  of  the  cord 
can  learn  to  accomplish,  of  their  own  accord,  work  which  they 
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had  been  in  the  habit  of  doing,  only  under  the  direction  of  the 
higher  centre.  From  this  we  conclude  that,  though  the  cord  con- 
tains local  vaeo-motor  centres  distributed  throughout  its  gray 
matter,  these  are  all  under  the  direction  and  control  of  the  vaso- 
motor centre  in  the  medulla,  and  this  centre  is  really  the  chief 
station  from  which  impulses  destined  to  afiect  the  whole  organism 
must  emanate. 

This  arrangement  is  quite  comparable  with  that  by  which  the 
ordinary  muscles  are  made  to  contract.  When  the  will  causes  a 
muscular  contraction,  the  impulse  starting  from  the  cerebral  cor- 
tex does  not  travel  directly  to  the  muscle,  but  it  passes  from  the 
brain  to  certain  cells  ia  the  cord  and  thence  to  the  muscles.  In 
fact,  to  these  spinal  agents  the  ultimate  arrangement  and  coordi- 
nation of  the  act  is  confided.  So,  also,  the  chief  vaso-motor  cen- 
tre in  the  medulla  executes  its  orders  through  the  medium  of 
numerous  under  centres  placed  at  various  stations  along  the  cord. 

The  vaso-motor  centres  —  like  nearly  all  other  controlling 
groups  of  ganglion  cells — must  be  considered  to  be  made  up  of 
two  parts  antagonistic  one  to  the  other,  viz.,  a  constricting  and  a 
dilating  centre,  the  impulses  from  which  commonly  travel  along 
separate  nerve  chanuels.  The  constricting  impulses  are  mainly 
distributed  by  the  sympathetic  nerve,  while  the  dilating  impulses 
generally  run  in  the  ordinary  peripheral  nerves,  which  are  em- 
ployed in  calling  forth  the  ordinary  function  of  the  part  in  ques- 
tion. This  is  chiefly  true  of  the  internal  organs,  but  in  the  limbs 
all  the  nerve  channels  are  commonly  collected  together  to  form  a 
single  nerve. 

From  what  has  been  said  as  to  the  wide  distribution  of  centres 
influencing  the  bloodvessels,  an  attempt  to  localize  exacfty  the 
position  of  the  medullary  vaso-motor  cells  is  not  satisfactory.  In 
the  lower  animals — frogs — the  cells  are  evenly  diffused  through- 
out medulla  and  cord.  In  man  the  localization  is  difficult  to 
demonstrate,  though  we  have  reasons  for  thinking  it  much  more 
defiuitely  circumscribed  than  in  the  lower  animals.  In  the  rab- 
bit it  has  been  tolerably  accurately  localized  to  the  floor  of  the 
fourth  ventricle,  in  the  immediate  neighborhood  of  the  respintory 
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Aod  cardiac  centree.     From  this  the  nerves  pass  into  the  cord  to 
the  spinal  roots,  by  which  they  reach  the  sympathetic. 

The  vaso-motor  centre  exerts  a  tonic  or  continuing  action  on 
the  vessels,  holding  them  in  a  state  of  partial  constriction  or  lone. 
In  this  it  may  possibly  be  said  to  have  an  automatic  action. 
Though  tonic  stat«  of  activity  of  the  centre  may  be  called  auto- 
matic, it  is  really  under  the  control  of  many  complex  reflex  in- 
fluences, which  constantly  vary  the  general  tone,  or  efiect  local 
changes  in  the  degree  of  constriction  of  this  or  that  vucular 
area.  Among  the  most  striking  afferent  regulating  impulses  are 
those  arriving  from  the  heart,  the  digestive  organs,  and  the  skin. 
In  some  animals,  a  special  nerve — the  depressor — has  been  dis- 
covered, which,  passing  from  the  heart  to  the  medulla,  keepe  the 
vaso-motor  centre  informed  as  to  the  degree  of  tension,  etc.,  of 
the  heart  cavities.  When  the  heart  becomes  overfull,  impulses 
pass  from  it  and  check  the  tonic  power  of  the  centre  so  as  to  re- 
duce the  arterial  pressure  against  which  the  ventricle  has  to  act. 
Electric  stimulation  of  this  nerve  causes  a  remarkable  fall  in  the 
general  blood  pressure.  The  vaso-motor  centres  regulate  the 
distribution  of  blood  to  the  viscera  and  skin,  according  to  the 
condition  of  activity  of  these  parts  as  described  in  another  chapter 
(XXXI.). 

The  Cardiac  Centre. 

Although  the  heart  beats  with  characteristic  periodicity  when 
cut  off  from  the  nervous  centres,  its  normal  rhythm  is  under  the 
control  of  a  group  of  nerve  cells  in  the  medulla,  from  which 
some  of  the  fibres  of  the  vagus  conduct  special  regulating  im- 
puls«.  The  action  of  this  centre  is  habitually  that  of  a  restrain- 
ing agent  lesseniug  the  rate  of  the  heart's  contractions,  and  is 
hence  called  a  touic  inhibitory  centre  (see  page  274).  The  ac- 
tivity of  the  centre  is  influenced  by  the  condition  of  many  distant 
parts,  such  as  the  cortex  of  the  brain,  the  abdominal  viscera,  etc., 
which  exert  a  kind  of  reflex  action  on  the  heart  through  this 
centre.  The  degree  of  inhibitory  power,  as  well  as  the  share 
taken  in  the  action  of  the  centre  by  automatism  and  reflection, 
differs  in  different  animals. 
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In  the  medulla  there  also  exist  many  other  centres  connected 
with  the  organic  functions.  Among  these  the  centres  for  swallow- 
ing and  vomiting  may  be  mentioned.  For  further  details  on 
this  subject,  the  reader  may  consult  the  chapter  on  Digestion  (see 
page  112). 


CHAPTER  XXXVI. 


THE  BBAIN. 


As  we  pass  upwards  in  attempting  to  trace  the  destiny  of  the 
conducting  channels  of  the  medulla,  we  come  to  the  more  elab- 
orate system  of  nervous  textures  which,  together,  are  called  the 
brain.  This  is  anatomically  the  most  highly  developed,  and 
physiologically  the  most  intricate  part  of  the  central  nervous 
organs.  Besides  the  nerve  cells  and  various  kinds  of  conducting 
channels  with  which  we  have  already  become  familiar  in  the 
cord,  etc.,  there  are  in  the  brain  a  vast  number  of  smaller  elements 
■which  do  not  possess  the  distinctive  characters  of  cells.  These 
granular  bodies  are  tightly  packed  together  in  many  parts  of  the 
centres,  and  must  have  some  important  function,  which  is,  how- 
ever, at  present  unknown. 

The  best  way  to  get  an  idea  of  the  general  plan  of  construc- 
tion of  the  brain,  is  to  follow  its  development  in  the  earlier  stages 
of  the  embryo,  from  the  time  when  it  forms  an  irregular  and 
thickened  ()art  of  the  tube  of  tiasne  destined  to  become  the  spinal 
oord.  From  this  it  will  be  seen  that  the  brain  is  but  a  modified 
part  of  the  primitive  nervous  axis,  in  which  certain  swellings  may 
be  observed  at  an  early  period  of  embryonic  life.  These  swellings 
are  called  the  fore-brain,  the  mid-brain,  and  the  hind-brain,  and 
in  the  future  development  of  the  parts  give  rise  to  (1)  the  hemi- 
spheres and  basal  ganglia;  (2)  the  corpora  quadrigemiua,  pons, 
and  cerebellum;  and  (3)  the  medulla  oblongata.  The  great 
mass  of  the  brain — the  hemispheres — are  formed  by  an  excessive 
development  of  budlike  processes  which  grow  out  from  the  sides 
of  the  fore-brain  at  an  early  period,  which  become  elaborately 
folded,  so  that  in  the  adult  it  is  difficult  to  trace  the  relationship 
to  the  original  form  (compare  p.  677,  etc.). 

The  cells  of  the  brain  are,  like  those  in  the  cord,  grouped  to- 
gether in  the  complex  gray  substance,  while  the  white  part  is 
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made  up  exclusively  of  conducting  fibres.  The  gray  substance 
may  be  said  to  be  distributed  in  four  more  or  less  distiuct  regions. 
(1.)  Of  these  one  can  he  traced  along  the  floor  of  the  fourth  ven- 
tricle, from  the  gray  matter  of  the  cord  to  the  base  of  the  brain, 
as  far  forwards  as  the  tuber  cinereum,  so  that  it  may  be  said  to 
be  representative  of  the  gray  matter  forming  the  inner  lining  of 
the  primitive  nervous  tube.  (2.)  Then  come  the  ganglia  of  the 
brain,  which  are  the  more  or  less  isolated  masses  of  gray  sub- 
stance within  the  brain,  known  as  the  corpora  quadrigemina, 
optic  tbalami,  corpora  striata,  etc.  (3.)  The  gray  substance  of 
the  cereheilum  and  of  the  corpora  quadrigemina  is  derived  from 
the  upper  part  of  the  mid-brain,  (4.)  The  cortex  of  the  hemi- 
spheres of  the  braia  forms  the  most  extensive  gray  district,  and 
must  be  regarded  as  quite  distinct  from  the  preceding. 

Connecting  the  various  parts  of  these  gray  regions  are  seta  of 
fibres,  which  may  be  classified  aa  follows: 

1.  Those  which  act  as  channels  of  intercommunication  between 
the  different  parts  of  the  same  region.  These  may  be  divided 
into  unilateral,  which  connect  together  the  cells  of  a  single  hemi- 
sphere, and  bilateral,  or  commissural  fibres,  which  unite  the  cor- 
responding masses  of  gray  matter  on  the  two  sides  of  the  brain. 

2.  Those  which  connect  the  different  regions  one  with  another. 
Under  this  head  naturally  fall  (1)  those  fibres  which  pass  between 
the  cortex  and  the  basal  ganglia ;  (2)  those  running  from  the 
cortex  to  the  cerebellum ;  and  (3)  those  connecting  the  above 
with  the  axial  or  spinal  gray  matter. 

The  Mesencephalon  and  Cerebellum. 

In  examining  the  functions  of  the  brain,  it  will  be  advantageous 
to  consider  the  various  parts  in  the  order  they  are  found  in  pro- 
ceeding from  the  medulla  towards  the  cerebral  hemispheres. 
Between  the  medulla  oblongata  and  the  hemispheres,  we  thus 
come  to  a  group  of  parts,  including  the  pons,  the  corpora  quad- 
rigemina, pons  varolii,  and  cerebellum,  which  may  be  called  the 
mesencephalon,  being  developed  from  the  raid-brain.  The  duties 
of  this  part  of  the  nervous  centres  can  be  investigated  by  observ- 
ing the  actions  of  lower  animals  in  which  the  hemispheres  have 


638 


MANUAL  OP  PHYBIOLOOy. 


been  removed,  or  the  parU  directly  stimulated,  and  by  notiug  the 
Bymptoms  produced  in  man  by  lesions  of  this  part  of  the  brain. 
The  former  gives  the  most  deiiaite  results,  and  therefore,  for  our 
purpose,  deserves  most  alteutioD. 

When  the  cerebral  hemispheres  have  been  removed  from  a 
frog,  the  animal  retains  the  power  of  carrying  out  coordinated 
motions  of  much  greater  complexity  than  those  performed  by 
command  of  the  spinal  cord  alone.  But  this  power  is  not  exer- 
cised spontancouslr.  That  is  to  say,  the  animal  can  balance 
it«elf  accurately,  jump,  swim,  swallow,  etc.,  but  it  only  attempts 
these  acts  when  forced  to  do  so  by  stimulations  arising  from  its 
outer  surroundings.  Thus  on  a  flat  surface  it  sits  upright,  but 
does  not  stir  from  the  spot  where  it  has  been  placed  ;  if  the  sur- 
face upon  which  it  sits  be  inclined,  so  that  its  head  is  too  low,  it 
turns  round  to  regain  its  equilibrium.  If  the  surface  be  further 
inclined,  it  at  first  crouches  so  as  not  to  slip  off,  and  then  crawls 
upwards  to  find  an  even  resting-place.  Plunged  into  deep  water, 
it  swims  perfectly,  but  on  arriving  in  a  shallow  part,  it  either 
rests  quietly  with  its  nose  out  of  the  water  and  its  toes  touching 
the  ground,  or  crawls  out  to  sit  on  the  water's  edge,  where  it  finds 
its  balance.  When  touched  on  the  leg,  it  junipti  away  from  the 
stimulus,  and  in  so  doing  avoids  any  obvious  dark  obstacle.  It 
swallows  if  a  substance  be  put  in  ita  mouth,  but  it  does  not 
attempt  to  eat  even  when  surrounded  with  food.  In  short,  all 
movements,  even  the  most  complex,  may  be  brought  about  by 
adequate  stimulation — spontaneity  only  is  wanting.  The  pupil 
responds  by  reflex  contraction,  when  the  retina  is  exposed  to 
light ;  the  eyes  are  closed  if  the  light  be  intense ;  and  the  head 
may  follow  the  motions  of  a  flame  moved  from  side  to  side.  A 
sudden  or  loud  noise  causes  the  animal  to  move.  From  the  fore- 
going facts,  and  the  power  such  a  frog  has  of  avoiding  a  dark 
object,  we  may  conclude  that  the  impulses  arising  from  the  spe- 
cial sense  organs  are  all  duly  received  and  excite  more  or  less 
elaborate  response,  but  the  comdousnees  of  the  arrival  of  these 
impulses  no  longer  exists. 

The  removal  of  the  hemispheres  of  birds  and  rabbits  leaves  the 
animal  in  somewhat  the  same  condition ;  but  the  response  to  the 
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special  sense  impulses  is  not  so  definite  or  well  marked  since  the 
animal  flies  or  runs  against,  even  the  most  obvious  obstacles. 

We  may  conclude,  then,  that  while  the  medulla  controls  the 
coordinated  movements  absolutely  necessary  for  the  vegetative 
functions,  the  mid-brain  (including  the  cerebellum  of  birds  and 
mammals)  controls  the  still  more  complex  associations  of  coordi- 
nated movements  necessary  for  the  perfect  performance  of  such 
acta  as  balancing  our  bodies,  and  enables  us  at  the  same  time  to 
carry  on  elaborate  coordiuated  motions  with  the  upper  extremi- 
ties, or  vocal  and  respiratory  muscles. 

The  enormous  number  of  muscles  simultaneously  used  in  some 
of  our  commonest  daily  actions,  concerning  which  we  have  but 
little  thought,  and  take  no  voluutary  trouble,  shows  the  great 
importance  of  this  part  of  the  brain.  If  we  take  a  simple  ex- 
ample, that  of  standing  in  the  upright  position  {equilibration)  (see 
page  478),  we  tiud  that  a  great  number  of  muscles  have  to  act 
together  with  the  most  exact  nicety  to  accomplish  what,  even  in 
man,  is  a  quite  thoughtless,  if  not  quite  involuntary  action.  In 
the  frog,  as  has  been  seen,  equilibration  is  performed  by  reflex 
action  alone.  In  man,  the  nervous  mechanisms  are  probably 
more  complicated  by  his  erect  attitude  and  the  addition  of  the 
cerebellum,  etc.,  but  they  are  nevertheless  comparable  with  those 
of  the  frog.  It  may  therefore  be  instructive  to  examine  the 
details  of  the  mechanisms  in  a  frog  deprived  of  its  cerebral  hemi- 
spheres. 

The  optic  lobes  (which  correspond  to  the  corpora  quadrigemina, 
and  also  take  the  place  of  the  cerebellum  of  the  higher  animals) 
form,  in  the  frog,  the  great  centres  of  equilibration,  locomotion, 
etc.  If  these  lobes  be  destroyed,  the  animal  can  no  longer  sit 
upright,  jump,  or  swim.  The  first  point  to  determine  is,  whence 
do  the  impulses  arrive  which  bring  about  these  complex  coordi- 
nations. The  first  set  are  those  coming  from  the  tactile  sense  of 
the  skin  of  the  parts  touching  the  surface  ;  another  set  of  impulses 
arrives  from  the  acting  muscles  acquainting  the  centres  with  the 
amount  of  work  done.  A  third  set  comes  from  the  eyes,  by  which 
the  position  of  the  surrounding  objects  is  gauged  ;  and  finally, 
from  the  semicircular  canals  of  the  internal  ear  come  impulses 
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which  inform  the  equilibratiDg  centres  aa  to  the  position  of  the 
head. 

By  depriving  a  frog  of  these  several  portals  by  which  incoming 
stimuli  direct  the  balancing  centres,  it  can  be  rendered  incapable 
of  any  of  the  acts  requiring  equilibration,  even  when  the  regu- 
lating centres  are  intact.  In  our  own  bodies  we  can  convince 
ourselves  of  the  absolute  importance  of  these  afierent  regulating 
impulses  arriving  from  the  ear,  eye,  skin,  and  muscles.  If  having 
bent  one's  forehead  to  the  handle  of  a  walking-stick,  the  end  of 
which  is  fixed  on  the  ground,  we  run  three  or  four  times  around 
this  axis,  and  then  quickly  walk  towards  any  near  object,  we  find 
how  helpless  our  volition  becomes  if  deprived  of  the  normal  in- 
coming stimulus,  for  thus  aa  unwonted  disturbance  of  the  nerve- 
terminals  in  the  semicircular  cauals  has  dispatched  conflicting 
impulses  to  the  coordinating  centre  of  equilibration.  Further, 
we  know  that  we  stand  less  fixedly  when  our  eyes  are  shut,  and 
we  move  unsteadily  when  our  feet  are  benumbed,  etc. 


Crura  Cerebri. 

Passing  above  the  Pons  Varolii,  we  come  to  a  thin  isthmus,  com- 
posed of  two  thick  strands  of  nerve  substance  connecting  the 
mesencephalon  with  the  cerebral  hemispheres.  These  are  called 
the  crura  cerebri.  They  diverge  slightly  in  their  upward  course 
towards  the  hemispheres,  and  lie  just  below  the  corpora  quadri- 
gemina,  which  have  already  been  referred  to.  Minute  examina- 
tion of  these  crura  brings  to  light  an  anatomical  difference  which 
corresponds  with  a  distinct  physiological  separation  between  the 
paths  taken  by  the  sensory  and  motor  impulses  in  each  crus. 
The  lower  or  more  anterior  part,  which  can  be  seen  on  the  base 
of  the  brain,  is  called  the  base  or  crusta.  This  is  made  up  of 
motor  nerve  channels  only.  The  posterior  or  upper  part,  which 
lies  next  to  and  is  connected  with  the  corpora  quadrigemina,  ia 
called  the  iegmenium,  and  is  composed  of  sensory  fibres.  Ana- 
tomically the  separation  between  the  two  is  indicated  by  some 
scattered  nerve-cells  (loeus  niger).  The  base,  or  crusta,  which  is 
the  great  bond  of  union  between  the  spinal  cord  and  the  cerebral 
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motor  centres,  passes  iuto  ibe  corpus  striatura  ;  and  the  tegmen- 
tum, or  great  sensory  tract,  is  directly  coanected  with  the  optic 
ihalamus. 

Basal  Ganglia. 
The  great  masses  of  gray  and  white  matter  seen  on  the  floor  of 
the  lateral  ventricles  are  called  the  corpora  striata  and  optic  thalami, 
and  together  are  spoken  of  as  the  basal  ganglia.  The  exact  re- 
lationship borne  by  their  functions  to  those  of  the  mesencephalon 
and  cerebral  cortex  is  not  perfectly  understood,  though  ft  is,  no 
doubt,  intimate.  The  following  are  some  of  the  more  important 
points  in  the  evidence  on  the  subject : 

Corpora  Striata. — The  motor  tracts,  coming  from  below, 
lie  iu  the  lower  part  of  the  crus  cerebri,  and  thence  one  on  each 
side  passes  into  the  corresponding  corpus  striatum.  Anatomi- 
cally, then,  this  part  may  be  regarded  as  the  ganglion  of  the 
motor  tract. 

Destructive  lesion  of  one  corpus  striatum  is  followed  by  loss  of 
power  of  the  muscles  of  the  other  side  of  the  body.  This  is 
equally  true  of  lesions  artificially  produced  in  animals  and  those 
re.sulliiig  from  di.sease  in  man.  When  the  crura  on  both  sides  are 
destroyed  the  animal  remains  motionle-s  and  prostrate. 

Electrical  stimulation  of  one  of  the  corpora  striata  causes  uni- 
lateral motions  of  the  other  side  of  the  body.  This  fact,  however, 
does  not  teach  us  much  concerning  the  functions  of  the  particular 
cells  of  its  gray  matter,  since  the  stimulus  cannot  be  kept  from 
affecting  the  fibres  passing  through  the  corpus  striatum  to  go 
dircclly  to  the  motor  tract. 

In  dogs,  and  still  more  so  in  rabbits,  the  corpora  striata  seem 
to  be  able  to  carry  out  some  complex  motions  which  in  man  are 
believed  to  require  the  cooperation  of  the  higher  cerebral  centres. 
It  has  been  stated  that  a  dog  whose  cerebral  cortex  is  completely 
destroyed  can  perform  movements  that  in  man  can  only  be  evoked 
by  the  cortex  of  the  hemispheres. 

It  would  appear  then  that  the  gray  matter  of  the  corpus  striatum 
is  a  motor  ganglion,  nearly  related  in  function  to  the  cerebral 
cortex.  The  cells  of  this  ganglion  are  the  first  agents  working 
under  the  direction  of  the  cortical  centres,  and  carry  out  tke 
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organization  and  distribution  of  voluntary  motor  impulses.  In 
animals  whose  hemispheres  are  leas  complexly  developed,  such  as 
the  dog  or  rabbit,  the  "  basal  agent"  seems  capable  of  carrying  on 

Fio.  244. 


Diagram  uf  K')ine  uf  ihe  pntlis  inken  by  nerve  iuipuUeii  in  the  bmio  ami 
spinal  cord. —  C.  Gray  substance  of  cerebral  cortex,  e'.  Gray  substance 
of  cerebellum.  Or.  Cranial  nerves,  aome  afferent  and  some  efferent.  M. 
Motor  (efferent)  spinal  nerves.    S.  Sensory  (afferent)  spinal  nerves. 

more  elaborate  work,  independent  of  the  guidance  of  the  higher 
motor  centres  iu  the  gray  matter  of  the  brain. 
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Optic  Thalaml. — The  evidence  concerning  these  ganglia  is 
far  from  being  as  satisfactory  or  couclusive  as  that  relating  to  the 
corptia  striatum. 

Anatomically  the   matter   is   equally  p,o^  246. 

clear  ;  they  are  the  irauglia  of  the  sensory  _„-__        __^_ 

.  ,  rnTTT— v-i  T  4  ^ 

tracts,  since  the  tegmentum  or  sensory       , ,;  ^  '  -^  ' .    '■ 

parts  of  the  crura  pass  directly  into  them.  ' 

They  form,  in  fact,  the  only  routes  by 
which  the  impulses  giving  rise  to  the  dif 
ferent  kinds  of  sensory  impressions  can 
arrive  at  the  cerebral  cortex.  But  the 
evidence  we  can  obtain  by  the  physio- 
logical examination  of  sensory  imj)reii- 
sions  is  very  indistinct  in  comparison 
with  the  obvious  results  we  fiu(3  wht'ii 
motor  tract*  are  excited  ;  indeed,  in  the 
complete  absence  of  all  motion,  it  is  dif- 
ficult to  know  whether  an  animal  feol^ 
or  not,  as  we  have  no  signs  to  show 
whether  the  stimulus  takes  eflVct. 
Further,  it  is  difRcult,  as  has  been  already 
seen,  to  stimulate  any  sensory  tract  with- 
out the  impulse  being  reflected  to  its 
motor  neighbors,  so  a  muscular  move- 
ment often  results  from  stimulation  of 
a  group  of  cells  purely  sensory  in  func- 
tion. 

When  we  take  into  consideration  the 
foregoing  points,  and  the  fact  that  it  is 
difficult,  if  not  impossible,  to  destroy  a 
portion  of  brain  substance  without  irri- 
tating it  and  the  neighboring  structures, 

we  cannot  be  surprised  that  experimenters  have  arrived  at  very 
contradictory  results,  both  by  stimulating  and  destroying  the 
optic  thalami.  Borne  find  that  electric  stimulation  causes  muscu- 
lar movements;  others  find  that  it  does  not.  Some  authorities 
state  that  destrucliou  of  the  optic  thalami  interrupts  only  the  in- 


Section  llirough  tbc 
gruy  iimtter  of  \\\k  Ijniiii 
■  ■r  man,  dhoHiing  svreral 
layem  of  pells  inCo  wliicli 
fine  fibres  [mi.**  from  Iwlow. 
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coming  sensory  impressioos ;  others  eaj  it  gives  rise  to  motor 
paralysis. 

Human  pathology  helps  us  but  little,  for  it  is  impossible  to  say 
whether  a  given  lesion  simply  al>olishes  the  function  of  the  part 
or  acts  as  an  irritant  to  it,  or  in  some  degree  produces  both  these 
efiects.  Local  lesions  of  the  optic  thalami  have  been  met  with, 
ill  some  of  which  sensory,  and  in  others,  both  sensory  and  motor 
defects  have  been  observed  in  the  patients. 

We  must,  then,  remember  that  the  occurrence  of  motion  as  the 
result  of  stimulation,  or  the  absence  of  muscular  power  as  the 
result  of  destruction  of  the  optic  thalami  must  not  be  accepted  as 
conclusive  evidence  of  the  motor  function  of  the  active  elements 
— the  nerve-cells — of  this  part,  because  these  results  may  depend 
on  the  indirect  influence  of  the  sensory  impulses  coming  from 
these  cells. 

Cerebral  Hemispheres. 

It  is  now  universally  regarded  as  a  recognized  fact  that  in  man 
the  hemispheres  of  the  brain  are  the  seat  of  the  mental  faculties — 
perception,  memory,  thought,  aud  volition.  The  cerebral  cortex 
is  the  part  of  the  nervous  system  in  which  the  .subjective  percep- 
tion of  the  various  sensory  impulses  takes  place,  and  in  which 
impulses  are  converted  into  impressions  or  mental  operations.  It 
is  in  the  cortical  uerve-cella  the  so-called  voluntary  impulses, 
causing  movement  of  the  skeletal  muscles,  have  their  origin.  It 
is  thus  a  sensory  and  a  motor  organ.  But  it  has  a  fur  wider  range 
of  function  than  is  expressed  by  saying  it  is  both  sensory  and 
motor ;  indeed,  in  this  it  would  be  no  better  than  the  other  nerve- 
centres  in  the  spinal  cord,  etc.  The  cells  of  the  cortex  of  the 
brain  seem  to  difler  from  those  of  the  lower  nerve-centres  (which 
can  also  receive,  and  at  once  send  out,  corresponding  impulses), 
in  this:  when  an  impulse  arrives  at  the  cerebral  cells,  it  there 
excites  a  change,  which,  besides  producing  an  immediate  effect, 
leaves  a  more  or  less  permanent  impression  ;  the  impression  per- 
sists, and  if  the  cell  be  well  supplied  with  chemical  energy  in 
the  shape  of  nutriment,  the  impression  may  be  reproduced  at  a 
subsequent  period.     This  revival  of  impressions,  the  eifects  of 
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past  stimulations,  or  "re-collection,"  is  exclusively  the  property 
of  the  cerebral  cortex,  and  to  it  the  hemispheres  owe  their  mental 
faculties,  Buriug  our  lifetime  sensory  impulses  are  continually 
streaming  into  the  cells  of  the  cortex  of  the  brain  from  the 
peripheral  sensory  organs.  Thus  innumerable  impressions  are 
left  stored  up  in  the  uerve-cells.  The  effect  of  the  continuing 
presence  of  these  impressions  iu  the  active  cells  is  memory,  and 
by  an  association,  arrangement,  or  separation  of  these  persisting 
impressions,  the  activity  of  the  cells  gives  rise  to  thought  or 
ideation. 

In  close  relation  and  connection  with  these  cells  of  the  cortex, 
in  which  permanent  impressions  are  stored  and  ideation  is  ac- 
complished, are  those  other  groups  of  cells  which  have  been 
mentioned  as  being  in  direct  communication  with  the  lower  motor 
centres,  and  can  by  the  medium  of  the  latter  execute  voluntary 
movements. 

It  is  a  very  remarkable  fact,  as  far  as  the  mental  faculties  are 
concerned,  that  one  side  of  the  brain  seems  to  be  sufficient  for 
their  perfect  performance.  Memory,  consciousness,  and  thought 
can  all  be  operative  iu  a  perfectly  normal  way,  when  one  side  of 
the  braiu  is  rendered  incapable  of  performing  its  functions  by 
disease  or  injury.  But  this  is  not  true,  as  regards  the  reception 
of  sensory  impressions,  or  the  emission  of  voluntary  impulses. 
The  difference  between  the  mental  powers  and  mere  motor  and 
sensory  functions  of  the  brain  can  be  seen  in  those  cases  of  paraly- 
sis known  as  hemiplegia.  The  patient  is  frequently  fully  con- 
scious, and  possesses  unimpaired  power  of  thought  and  memory, 
yet  he  is  unable  to  perceive  the  sensory  impulses  coming  from  one 
side  of  his  body  or  send  voluntary  impulses  to  the  muscles  of  the 
paralyzed  side. 

The  cells  which  act  as  the  immediate  receivers  of  afferent  and 
dispensers  of  efferent  impulses  to  one  or  other  side  of  the  body  are 
then  localized  to  one  hemisphere,  and  that,  we  have  already  seen, 
is  that  of  the  opposite  side. 
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Localization  of  the  Cerebral  Fukctioss. 

Whether  the  surface  of  the  hemispheres  can  be  mapped  out 
ioto  (iniall  areas,  each  of  which  is  set  apart  for  a  (iefiDite  duty,  or 
whether  a  comparatively  restricted  portiou  of  the  cortex  suffices 
for  the  performance  of  all  the  functions  of  the  hemispheres,  are 
questions  gurrouuded  with  difficulty,  and  which,  up  to  the  present, 
cannot  be  answered  with  any  degree  of  certainty.  The  experi- 
mental evidence  hitherto  brought  forward  on  the  subject  seems, 
in  many  points,  to  be  contradictory,  a  fact  which  may  be  ex- 
plained partly  by  the  difficulties  with  which  such  experiments 
are  beset,  and  partly  by  diflerent  observers  being  anxious  to  up- 
hold with  too  great  fervor  either  the  localization  or  non-localiza- 
tion theory  in  their  entirety. 

The  leading  experimental  experiences  which  have  been  recorded 
are  the  following: 

1.  Extensive  tracts  of  the  cortex  of  the  hemispheres  may  be  re- 
moved, by  accident  or  experiment,  without  interfering  with  the 
cerebral  functions  in  any  marked  or  tangible  way.  Both  men 
and  animals  have  lived  for  years,  after  the  loes  of  a  considerable 
quantity  of  brain  substance,  without  showing  impairment  of  either 
mental  or  bodily  faculties. 

2.  Lesion  of  a  certain  part  of  the  frontal  lobe  of  the  left  hemi- 
sphere of  roan  (posterior  part  of  the  third  frontal  convolution) 
has  been  so  frequently  followed  by  the  lo8.s  of  the  faculty  of  speech 
—  aphasia — that  pathologists  now  call  that  spot  the  centra  of 
speech. 

3.  Destruction  of  the  convolutions  around  and  in  the  neighbor- 
hood of  the  fissure  of  Rolando  gives  rise  to  temporary  loss  of 
power  in  the  liiubs  of  the  other  side,  voluntary  motion  being  abol- 
ished when  an  extensive  area  is  destroyed.  This  loss  of  power  is 
more  obvious  in  animals  with  complex  brains  ('roan  and  monkey) 
than  in  those  less  highly  organized  (dog,  cat,  rabbit),  which  rap- 
idly recover. 

4.  Destruction  of  the  surface  of  the  posterior  lobes  interferes 
with  the  reception  of  visual  impressions,  and  if  an  area  including 
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the  angular  gyri  and  all  the  posterior  lobes  be  destroyed,  the  ani- 
mal remains  blind. 

5.  Extensive  areas  of  the  brain  surface  may  be  stimulated  me- 
chanically, chemically,  or  electrically,  without  the  least  response 
being  ahowo  by  the  animal,  to  indicate  either  sensory  or  motor 
excitations. 

6.  Stimulation  of  the  convolutions  around  the  fissure  of  Rolan- 
do, however,  gives  rise  to  definite  coordinated  movements  of  mus- 
cles of  the  other  side  of  the  body.  Indeed,  local  groups  of  muscles 
respond  with  surprising  coustancy  to  the  electric  stimulation  of 
certain  defiuite  parts  of  the  cortex.  These  convolutions  have  thus 
been  mapped  out  into  motor  centres  for  hind  limb,  fore  limb,  face, 
etc. 

From  this  we  are  tempted  to  conclude  (1)  that  the  cortex  of 
the  posterior  region  of  the  hemispheres  is  related  to  the  reception 
of  some  sensory  impressions  ;  (2)  that  the  superior  and  lateral 
part  in  the  neighborhood  of  the  fissure  of  Rolando  is  related  to 
the  discharge  of  voluntary  motor  impulses;  and  (3)  that  the  an- 
terior lobes  are  not  immediately  subservient  to  either  the  sensory 
or  mot«r  functions  of  the  hemispheres,  though  the  centre  presiding 
over  the  faculty  of  speech  is  placed  in  this  part  on  the  left  side. 

As  an  objection  to  the  soundaess  of  these  conclusions,  the  re- 
markable and  undoubted  fact  has  been  urged,  that  no  matter  how 
thorough  is  the  destruction  of  the  centres,  the  function  returns 
after  the  lapse  of  a  variable  iuterval.  In  some  instances  the  loss 
of  fuuction  only  remaius  for  a  few  hours  after  the  operation  ;  in 
other  cases  (those  in  which  the  injury  is  extensive  and  deep,  and 
the  animal  belongs  to  a  class  with  high  meutal  organization)  the 
recovery  is  slow  and  may  extend  over  several  weeks  and  months. 
In  man  and  monkeys  the  function  may  be  lost  forever,  and  the 
nerve  channels,  which  formerly  carried  the  impulses  to  or  from 
the  injured  centre,  become  degenerated. 

From  some  of  the  foregoing  facta — viz.,  the  constant  and  regu- 
lar response  of  certain  groups  of  muscles  to  the  stimulation  of 
certain  local  spots  of  the  brain  surface,  and  the  temporary  destruc- 
tion of  the  functions  of  some  organ  when  a  certain  poiut  is  injured 
— it  seems  definitely  fixed  that  certain  local  parts  of  the  brain 
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surface  are  in  more  immediate  connection  with  certain  p>eripheral 
organs  than  are  others,  and  that  these  local  areiis  have  been  in 
the  habit  of  receiving  (in  the  case  of  the  visual  impulses  conaing 
to  the  angular  gyri)  or  sending  out  (in  the  case  of  motor  impulses 
starting  from  the  motor  centres)  impulses  of  a  special  and  definite 
kind. 

From  the  other  facts  mentioned — viz.,  the  recovery  of  function 
after  injury,  or  the  complete  absence  of  functional  lesion — we 
must  conclude  that  these  local  areas  are  by  no  means  the  only 
agents  which  can  carry  on  the  business  of  receiving  for  the  mind 
impulses  from  the  periphery,  and  sending  out  voluntary  impulses 
to  the  muscles ;  but  that  rather  there  are  many  groups  of  nerve- 
cells,  in  relation  with  the  nearest  sub-agents — the  basal  ganglia — 
which  can  take  on  the  duty  of  the  injured  cells,  and  act  as  cortical 
ceutres,  receiving  sensory,  and  discharging  motor  impulses.  In 
respect  of  this  capability  of  one  part  of  the  cerebral  cortex  to  carry 
on  the  duties  ordinarily  allocated  to  another,  we  have  a  complete 
analogy  in  the  gray  part  of  the  spinal  cord.  Partial  section  of 
the  gray  part  of  the  spinal  cord  (even  if  it  be  cut  at  two  or  three 
different  levels)  does  not  destroy  the  sensation  of  any  local  area 
of  skin,  showing  that  the  delicate  felt-work  of  nerve  fibrils  in  the 
gray  substance  can  conduct  the  impulses  in  many  directions,  so 
that  even  when  a  considerable  number  of  the  ordinary  routes  are 
blocked  by  section  of  fibrils  aud  destruction  of  the  cells  at  the 
part  cut,  the  neighboring  channels  can  cArry  on  the  work,  so  that 
after  a  little  time  the  sensory  impulse*  are  carried  from  all  parts 
of  the  skin  to  the  brain  without  delay. 

It  has  already  been  pointed  out  that  the  function  of  any  given 
nerve  fibre  depends  on  the  function  of  its  terminals.  The  fibre 
itself  is  merely  a  conducting  agent.  In  somewhat  the  same  way 
the  functions  of  any  given  nerve-cell  roust  depend  on  the  number 
and  character  of  its  connections.  If  it  be  attached  to  a  motorial 
end-plate  in  a  muscle,  it  can  only  be  an  exciter  of  impulses  that 
give  rise  to  motion  :  if  it  be  connected  only  with  a  sensory  termi- 
nal, it  can  only  be  a  receiver  of  sensory  impulses.  But,  in  the 
gray  matter  of  the  spinal  cord,  and  still  more  so  in  that  of  the 
cerebral  cortex,  we  may  assume  that  all  the  cells  are  in  more  or 


LOCALIZATION  OF  THE  CEREBRAL  FUNCTIONS.       649 


lees  intimate  connection  with  innumerable  other  cells.  In  fact, 
we  must  imagine  that  the  whole  of  the  gray  matter  of  both  cord 
and  brain  is  interwoven  into  a  complex  felt-work  of  fibrils  and 
cells,  which  in  no  part  are  isolated  from  the  rest,  but  that  all  the 
elements  form  a  continuous  system. 


CHAPTER  XXXVII. 


REPRODUCTION. 


Origin  op  Male  and  Female  Generative  Elements. 

One  of  the  chief  characteristics  of  a  living  being  is  the  power 
it  poaseaaes  of  reproducing  itself;  that  is  to  say,  organisms  can, 
under  favorable  conditions,  form  out  of  themselves  other  liviog 
bodies  with  similar  lives  and  habits. 

In  the  lowest  form  of  animal  life  this  propagation  of  species 
may  take  place  by  the  division  of  a  single  cell ;  thus  an  amoeba 
reproduces  its  like  by  the  cleavage  of  its  mass  of  protoplasm,  which 
separates  the  main  body  into  two  amceba?.  In  such  a  case  the 
method  of  reproduction  is  purely  asexual,  the  amceba  containing 
within  itself  the  power  of  forming  other  amoebie  without  help  from 
other  individuals. 

As  we  ascend  the  animal  scale,  we  find  that  just  as  other  func- 
rtions  are  allotted  to  certain  groups  of  cells,  specially  diflfereutiated 
for  the  purpose,  so  the  function  of  reproduction  is  performed  by 
certain  8(>eciaily  modified  collections  of  cells.  Further,  we  find 
the  fact  that  the  production  of  a  new  being  requires  the  coopera* 
tion  of  two  kinds  of  generative  elements,  each  of  which  is  com- 
monly produced  by  a  different  reproductive  organ.  These  repro- 
ductive organs  iu  the  higher  animals  are  placed  in  different  indi- 
viduals of  the  same  species.  This  divides  most  organisms  into 
male  and  female  sexes,  and  is  heace  termed  the  texual  method  of 
reproduction. 

The  sexual  method  of  reproduction  is  met  with  in  all  the  mor« 
highly  developed  forma  of  animal  and  vegetable  life.  The  male 
organ  priKiuces  active  elements — the  spermatozoa;  the  female 
organ  produces  the  otnim,  which,  when  fertilized  by  the  sperma- 
tozoa, develops  into  the  embryo. 

In  mammalia  the  uterus  is  the  most  important  of  the  subsidiary 
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urgana,  as  it  is  modified  for  the  development  aud  growth  of  the 
embryo:  its  function,  however,  cau  be  performed  by  other  organs, 
as  is  seen  in  cases  of  extra-utcriue  fcotation,  when  the  ovum  de- 
velops in  some  unusual  situation,  such  as  in  the  Fallopian  tube, 
or  in  the  abdominal  cavity. 

The  spermatozoa  are  formed  by  the  cells  lining  the  tubuli  semi- 
niferi  of  the  testicle.  These  cells  are  cubical  masses  of  proto- 
plasm, which  undergo  rapid  proliferation.     The  nuclei  divide, 

Fio.  246. 


Section  of  tlie  tiibuli  seminiferi  of  a  rat.  (Schifer.) — a,  Tubuli  in  which 
the  siicrinalozoa  arc  not  fully  ilevelojied.  6,  Spermatozoa  more  developed. 
e,  Spenuatoxoa  fully  developed. 


and  from  each  part  resulting  from  this  division  arises  the  head  of 
a  spermatozoon,  and  the  bo<ly  is  developed  from  the  protoplasm 
of  the  cell.  The  spermatic  elements  escape  into  the  tubes,  and 
pass  down  the  vasa  deferenlia  into  the  vesiculic  seminales,  where 
they  either  undergo  u  retrograde  change  or  are  cast  out  of  the 
body. 

The  ovum  arises  from  the  differentiation  of  one  of  the  cells  of 
the  germ-epithelium  covering  the  surface  of  the  ovary.  A  group 
of  these  cells,  euteriug  the  periphery  of  the  ovary,  becomes  there 
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imhediled  in  a  kind  of  capsule  derived  froni  the  surrounding 
areolar  tissue  of  the  stroma,  and  forma  an  immature  Oraafian 
follicle.    One  of  the  cells  grows  rapidly  to  become  the  ovum,  the 

Fio.  247. 


"BUT 


Section  of  the  ovuy  of  a  cut,  showing  the  origin  und  the  development  of 
Qraafiiin  follicles.  (Cadiat.) — a.  Germ-epithelium,  b.  Oraafinn  follicle 
partly  developed,  c.  Rarli&<!t  form  of  Oraafian  follicle,  rf.  Well-developed 
Onuiiun  follicle,  r.  Ovum.  /.  Vitelline  membrane.  <7.  Veins.  A,  >,  Small 
vessels  cut  across. 


rest  increase  in  number  to  form  the  small  cells  of  the  granular 
tunic.    As  the  follicle  develops,  it  works  its  way  towards  the  cen- 
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tre  of  the  ovary,  and  then  approaches  the  periphery  of  the  organ 
as  a  fully-developed  Graafian  follicle. 

Microscopically,  it  is  seen  to  be  surrounded  externally  by  a 
capsule — the  tunica  fibrosa,  which  is  ill-defined  from  the  stroma 
of  the  ovary  in  vfhicli  it  lies.  Beneath  this  is  a  layer  of  capil- 
lary bloodvessels,  the  tunica  vascnlosa,  and  to  these  two  coats  col- 
lectively the  term  tunica  propria  is  applied. 

Inside  the  tunica  propria  are  granular  cells  of  small  size, 
which  occupy  a  considerable  space  in  the  follicle;  they  are  heaped 
up  at  one  spot  to  receive  the  ovum,  which  lies  imbedded  in  their 
midst.  These  cells  receive  the  name  of  the  tunica  ff^ranulom,  and 
Iheir  projecting  portion,  which  encircles  the  ovum,  is  called  the 
disciu  proligeriu.  Filling  up  the  remainder  of  the  follicle  is  a 
fluid — the  liquor  folliculi.  The  surface  of  the  ovary  is  covered  by 
columnar  cells,  which  are  continuous  with  the  endothelial  cells 
of  the  peritoneum.  When  the  follicle  is  fully  matured,  it  lies  at 
the  periphery  of  ttic  ovary  beneath  this  layer  of  cells,  which 
separates  it  from  the  abdominal  cavity. 

Menstrdation  and  Ovulation. 

After  puberty,  at  intervals  averaging  about  four  weeks,  the 
genital  orgaus  of  the  female  become  congested,  and  at  the  same 
time  a  Graafian  follicle  is  ruptured  and  its  contained  ovum  set 
free.  Coiiieideutly  with  the  rupture  of  the  follicle,  the  fimbriated 
extremity  of  the  Fallopian  tube  becomes  closely  approximated 
to  the  spot  where  the  follicle  lies,  so  that  the  ovum,  instead  of 
falling  into  the  abdominal  cavity,  passes  into  the  canal  of  the 
Fallopian  tube,  down  which  it  is  conveyed  to  the  uterus. 

The  usual  place  fur  the  ovum  to  meet  the  spermatozoa,  and  to 
be  impregnated,  is  the  Fallopian  tube. 

When  the  ovum  reaches  the  uterus,  if  it  be  unimpregnated,  it 
is  cast  out  with  the  surface  cells  of  the  mucous  membrane  of  the 
uterus,  which  are  destroyed,  and  escape  along  with  a  sanious  fluid. 
The  whole  of  the  phenomena  constitute  a  menstrual  act. 

If.  however,  the  ovum  become  impregnated,  it  remains  in  the 
Fallopian  tubes  some  days,  during  which  time  the  raucous  mem- 
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rane  of  ihe  uterus  becomes  so  hypertrophied  and  developed  aa 
to  retain  the  ovum  when  it  reaches  that  organ. 

The  human  ovum  is  a  cell  coasisting:  of  a  mass  of  protoplasni 
incloKiog  a  nucleus  and  a  nueleoiu!<,  and  surrounded  by  a  cell- 
all.  On  its  outer  surface  is  an  irregular  layer  of  cells,  the  re- 
mains of  that  part  of  the  tunica  granulosa  which  encircled  the 
ovum  in  the  Graafian  follicle.  The  cell-wall  of  the  ovum  is  called 
the  vilclline  membrane  or  zotia  peliueida,  and  the  mass  of  granular 
protoplasm  it  encircles,  the  ri'<e//ii.<  or  yolk,  and  in  this  is  a  nucleus 
— the  germinal  veeicle,  which  contains  a  nucleolus — the  germinal 
t}>ol. 

Beneath  the  outer  covering  of  calcareous  material  of  the  hen's 
egg  there  is  a  white  membrane,  which  incloset)  a  transparent  albu- 
>iniD0U8  substance  known  as  the  white  of  egg.     Inside  this  is  a 
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Ovum.   (Itolnn.) — o.  Zonn  pelhicida  or  vitelline  membrtine.    6.  Yolk. 
e.  Germinal  vesicle  or  nucleus,    d.  Germinal  spot  or  nucleolus.    «.  Interval 
,  left  by  the  retmclion  of  the  vilclliis  from  the  loiiii  pelliiciiln. 


yellow  fluid  mass,  the  yolk,  which  is  surrounded  by  a  delicate 
membrane,  the  vitelline  membrane.  The  yolk  is  made  up  of  two 
Tarietiea  of  material  of  different  shades  of  color,  the  white  and 
the  yellow  yolk.  Of  these  the  yellow  forms  the  greater  part,  the 
white  being  arranged  in  thin  layers,  which  separate  the  yellow 
yolk  into  strata.  In  the  centre  of  the  yolk  it  forms  a  flask- 
ahaped  mass,  with  its  neck  turned  to  the  upper  surface,  upon 
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which  a  portion  of  the  yolk  called  the  eiealricula  rests.  Thig 
cicatricula,  which  lies  between  the  vitelline  membrane  and  the 
white  yolk,  is  the  active  growing  part  of  the  egg,  and  out  of  it  ar^ 
developed  the  chick  and  the  embryonic  membranea. 

Extending  through  the  albumin  from  the  vitelline  merobrana 
to  the  ends  of  the  egg  are  two  twiated  membranous  cords — the 

{ 
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Diagrain  of  n  section  of  na  uninipregnated  towrii  egg.  (From  Fufiter  an^ 
Bnlfuur,  after  Allen  Tliuiuson.) — bl.  Blastoderm  or  oicalrieula.  wy.  WhiM 
volk.  y.y.  Yelltnv  yolk.  ch.l.  Clialam.  i.a.m.  Inner  layer  of  shell  mem- 
brane. ».m.  Outer  layer  of  sliell  membmne.  i.  Shell,  a.fh.  Air  spaco^ 
w.  The  while  of  the  egg.  vl.  Vitelline  membrane,  x.  The  denser  albi»* 
minous  layer  which  lies  next  to  the  vitelline  niembrane. 


ehalazoB,  which  fix  and  protect  the  delicate  yolk  from  shocks,  but 
allow  it  to  rotate,  so  that  the  cicatricula  is  always  the  uppermoot 
part  of  the  yolk  when  the  egg  is  on  its  side. 

The  main  structtiral  differences  between  the  human  ovum  anil 
that  of  a  fowl  are  apparent  from  the  above  description  ;  the  esseo'' 
tial  peculiarity  of  the  development  of  the  hen's  egg  is  that  only 
a  portion  of  the  yolk  is  engaged  iu  the  formation  of  the  first  signa 
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of  tile  chick  and  its  membranea,  bj  far  the  greater  part  of  the 
tgg,  both  yolk  and  albamin,  bein;;  utilized  in  supplying  the  nour- 
iabin«Dt  during  the  subsequent  stages  of  development. 

AAer  the  egg  has  been  laid,  it  obtains  no  help  frum  the  out- 
side world,  except  the  oxygen  of  the  air  and  the  heat  of  the 
mother's  body  ;  it  is,  as  it  were,  fenced  in  with  a  protecting  mem- 
brane, garrisoned  with  the  quantity  of  provisions  required,  and 
by  the  warmth  of  the  hen's  body  stimulated  to  growth  and  ac- 
tivity. 

The  whole  of  the  human  ovuna,  on  the  other  hand,  undergoes 
segmentation  and  dififerentiation  in  the  primary  formation  of  the 
embryo,  which  subsequently  is  supplied  with  the  necessary  nour- 
ishment from  the  maternal  circulation.  The  life  and  growth  of 
the  human  embryo,  in  fact,  depends  entirely  upon  supplies  from 
the  mother,  the  ovum  not  having  within  itself  any  store  of  nutri- 
ent material. 


CbANOGS   IV  THE  OviTH  SUBSEqCEIiT  TO   iMPREONATIOir. 

The  first  changes  in  the  ovum  independent  of  impregualirm 
consist  in  the  shrinking  of  the  3'ulk  from  the  vitelirne  membmue, 
and  the  extrusion  from  it  of  certain  granular  bodies  which  lie 
between  it  and  the  vitclliue  membrane,  and  are  called  the  polar 
globulet.  The  germinal  itpot  and  germinal  vesicle  also  disappear, 
and  are  thought,  by  some  observers,  to  form  these  politr  globules, 
AAer  the  union  of  the  male  and  female  elements,  a  new  nucleus 
appears  in  the  vilellus  which  forms  what  is  called  the  segmenta- 
tion sphere.  This  divides  at  first  into  two  segments,  then  into 
four,  eight,  sixteen,  and  so  on,  until  a  large  mass  of  cells  occupies 
the  yolk.  To  this  condition  the  name  of  morula  is  given,  from 
its  8Up(>osed  likeness  to  a  mulberry.  Fluid  now  collects  among 
the  cells,  and  separates  some  of  them  from  the  others,  and  the 
cells  arrange  themselves  into  an  outer  layer  and  an  inner  layer, 
consisting  of  different  kinds  of  cells.  The  inner  cells  finally  be- 
come aggregated  at  one  part  of  the  ovum  in  contact  with  the 
outer  cells.  The  ovum  now  receives  the  name  of  the  blaitodermic 
vwieU, 
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Id  the  hen's  egg  the  cleavage  is  confined  to  the  oicatricula  or 
blastoderiD,  and  does  not  include  the  rest  of  the  yolk.  Such  an 
ovum,  from  the  fact  that  the  cleavage  of  the  yolk  is  only  partial, 

Fio.  250. 


Sections  of  the  ovum  of  a  rabbit,  showing  (he  formaiion  of  the  bluto- 
dermic  vesicle.  (E.  Van  Beneden.)— a,  6,  c,  d,  arc  ova  in  snccessive  stages 
of  development,  t.p,  Zona  pellucida,  ett,  Ectomeres,  or  outer  cells,  enl, 
EntoDieres,  or  inner  cells. 


receives  the  name  of  meroblattie.     The  human  ovum,  which  under- 
goes complete  segmentation,  is  called  a  holoblatlic  ovum. 

The  cells  in  the  blastodermic  vesicle  become  arranged  into 

66 


658 


UANUAL  OF   PHTBIOtOOY. 


three  definite  layers,  which  are  called  respectively,  from  their 
poeitioD  in  the  blastoderm,  the  epihUut,  the  meaoblatt,  and  the 
kypoblait. 

From  these  layers  are  developed  the  embryo  and  the  membranes 
surrounding  it,  each  layer  being  developed  into  certain  tissues 
and  forming  these  only. 

Thus  from  the  epiblast,  or  outer  layer,  arise  the  epidermis  ot 
the  skin,  the  brain  and  spinal  cord,  and  certain  parts  of  the 
organs  of  special  sense  ;  whilst  it  also  aids  in  the  formation  of  the 
chorion  and  the  amnion.  From  the  meaoblast  are  developed  the 
skeleton,  the  connective  tissues,  the  muscles,  the  nerves,  in  ad- 
dition to  the  vascular  system  and  the  supporting  tissue  of  the 

Fio.  251. 


Transverse  section  of  the  medull&ry  groove,  and  half  the  blastoderm  of  a 
chick  of  eighteen  hours.  (Foslei'  and  Balfour.) — a.  Epiblast.  b.  Meao- 
blast. c.  Hypoblast,  mf.  Medullar/  fold.  me.  Medullary  groove.  eA. 
Notocliurd. 

glands  ;  one  kind  of  tessellated  cells  arise  from  this  layer,  viz., 
the  endothelium,  forming  the  surface  of  all  serous  membranes. 
From  the  hypoblast  springs  the  epithelial  lining  of  the  alimen- 
tary canal,  of  the  glands  which  are  diverticula  from  it,  and  of 
the  lungs ;  it  also  forms  the  lining  membrane  of  the  allantois  and 
^^.         yolk  sac. 

^B  The  blastoderm  of  the  hen's  ovum,  which  is  comparatively 

^^         easily  studied,  consists  of  a  small  clear  central  portion,  called  the 
I  area  pdlucida,  from  which   the  body  of  the  chick  arises.     8ur- 

I  rounding  the  area  pellucida  is  a  much  larger  zone,  which  appears 

I  less  transparent ;  this,  the  area  opaea,  is  devoted  to  the  formatioQ 

t  of  the  membranes. 

^^k  The  embryo  is  developed  from  the  rest  of  the  blastoderm  in 
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the  following  manner.  Al  the  front  of  the  area  pellucida'a  fold, 
or  dipping  in  of  the  blastoderm  takes  place;  this  consists  of  a 
projecting  part  or  fold  above  and  a  groove  below,  and  consti- 
tutea  what  is  known  as  the  Cfphalie  or  head  fold.  The  upper 
projecting  portion  of  the  fold  tends  to  grow  forwards,  whilst  the 
groove  grows  gradually  backwards.  Later  on,  another  fold 
appears  at  the  posterior  part  of  the  area  peHucida ;  this  is  the 
tail  fold.  At  the  sides  of  the  area  pellucida  folds  appear,  which 
tend  to  grow  downwards  and  inwards  so  as  to  reach  the  under 
surface  of  the  blastoderm  and  unite  with  the  head  and  tail  folds. 


Fio.  252. 


jre. 


Diagrammatic  longituHinal  section  through  the  axis  of  an  embryo  cliick. 
{Foster  and  Balfour.)— JV.C  Neural  canal.  Ch.  Notochord.  I).  Foregut. 
F^,  Somatnpleiire.  F-Sp.  Splanchnopleure.  Sp.  Splnnchnopleure  form- 
ing the  lower  vrall  of  the  foregut.  //(.  Heart,  pp.  PleurojKrriloneal  cavity. 
Am.  Amniotic  fold.     A.  Epiblust.     B.  Mesoblaiit.     C.  IlypoblaAt. 

By  the  approximation  of  all  these  folds  a  canal  is  formed — the 
embryonal  aac — which  is  closed  above  by  the  main  portion  of  the 
area  peltucida,  in  front  by  the  head  fold,  beiiind  by  the  tail  fold, 
at  the  sides  by  the  lateral  folds,  whilst  below  it  is  open  to  the 
vitellus.  This  canal  ultimately  becomes  subdivided  into  an  inner 
tube,  the  alimentary  tract,  and  an  outer  one,  which  forms  the 
body  walls,  the  final  place  of  union  of  the  folds  being  marked  by 
the  umbilicus.  It  must  be  clearly  understood  that  these  primary 
folds  which  form  the  embryo  include  in  their  layers  the  epiblast, 
the  whole  thickness  of  the  mesoblast,  and  the  hypoblast,  whereas 
the  folds  giving  rise  to  the  membranes  do  not  comprehend  all 
these  layers. 
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FoSMATtOa  OF  THE  31  EHBSA^TEB. 

(1)  71k«  Amnion. — Tbe  OMaoblast  around  the  embryo  beoomea 
thickened,  and  is  split  into  two  distinct  lajen ;  this  clearage  is  at 


Fia.tSSA. 


Figa.  253  A,  253  B,  and  254  are  dingrammatic  views  of  aections  through 
the  developing  ovum,iihowiDg  the  formation  of  tlie  membranes  of  the  ehiek. 
(Foater  and  Balfour.) — A,  B,  C,  D,  E,  and  F  are  vertical  sections  in  the  long 
axis  of  the  embryo  at  different  periods,  showing  the  stages  of  derelopmeut 
of  the  amnion  and  of  the  yolk-sac.  I.,  II.,  III.,  and  IV.  are  transverse  sec- 
tions at  about  the  same  stages  of  development,  i.,  ii.,  and  iii.  give  only  the 
posterior  part  of  the  longitudinal  section,  to  show  three  stages  in  the  forma- 
tion of  tbe  allantois.  e.  Embyro.  y.  Yolk.  pp.  Pleuroperitoneal  fissure. 
v(.  Vitelline  membrane,    cff.  Amniotic  food.    al.  allantois. 

first  confined  to  tbe  neighborhood  of  the  embryo,  but  gradually 
spreads  over  the  whole  blastoderm. 

Tbe  upper  of  these  two  layers  of  the  blastoderm  receives  the 
name  of  the  eomatopleure,  and  is  engaged  in  the  formation  of  tbe 
body  walls  of  the  embryo  and  the  amnion.    The  lower  one  ia 
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called  the  uplanchnopleure,  aud  forms  the  walla  of  the  alimentary 
canal,  the  allantois,  and  the  yolk-sac.  The  space  intervening 
between  these  layers  is  called  the  pleuroperitonpal  cavity.  At  a 
point  in  front  of  the  cephalic  fold,  an  upward  projection  of  soma- 


Fin.  2S3  B. 


«.  Embrj'o.    a.  Amnion,    a'.  Alimentary  canal.    W.  Vitelline  membrane. 
aj.  Amniotic  fold.    ae.  Amniotic  cavity,    y.  Yolk.    al.  Allantois. 

topleure  takes  place,  conveying  with  it  the  overlying  epiblast. 
Along  the  sides  of  the  embryo  and  behind  the  caudal  fold,  pro- 
jections of  the  somatopleural  mesoblast  and  epiblast  also  occur. 
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Thus  folds  are  developed,  consisting  of  somatopleural  mesoblast 
and  of  epiblast,  which  tend  to  grow  upwards  and  meet  over  the 
back  of  the  embryo.  These  folds  are  the  amniotic  folds,  and  each 
of  them  presents  two  surfaces,  one  looking  towards  the  embryo 
and  the  other  towards  the  vitelline  membrane.  As  they  meet 
over  the  back  of  the  embryo  the  folds  become  fused,  the  mem- 
branes looking  towards  the  embryo  joining  to  form  the  amnion 

Fig.  264. 


RP 


IV 
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DiagrBmmatic  sections  of  an  embryo,  showing  the  destiny  of  the  jolk- 
B»c,  y«.  tit.  Vitelline  membrane,  pp.  Pleuroperitoneal  cavity,  ae.  Cavitj 
of  the  amnion,    a.  Amnion,    a'.  Alimenlary  canal,    yt-  Yolk-sac. 


proper,  whilst  those  next  the  vitelline  membrane  unite  to  form 
the  falae  amnion,  which,  separating  from  the  ainaiou  proper,  re- 
tires towards  the  vitelline  membrane,  with  which  it  unites  to  form 
the  primitive  chorion. 

The  true  amnion  then  is  a  sac  formed  of  an  outer  layer  derived 
from  the  niosobtast  and  an  inner  layer  derived  from  the  epiblast. 
The  false  amnion  likewise  consists  of  mesobiast  and  epiblast,  but 
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here  the  epiblast  is  external.  The  true  amnion  ia  continuous  with 
the  skin  of  the  embryo,  and  when  the  fcetus  is  mature,  the  connec- 
tion maj  be  traced  by  the  umbilical  cord,  around  which  it  forms 
a  sheath  to  be  continuous  with  the  skin  at  the  umbilicus.  This 
membranous  sac  enlarges,  and  in  mammalia  eventually  becomes 
the  large  bag  of  liquid  which  contains  the  fcetus.     The  amniotic 


Diagrunmalic  longituciinitl  section  of  a  chick  on  the  fourth  daj.  (Allen 
Thomson.) — gi,  Epiblast.  %  Hypoblast,  tm,  Somatopleare.  r.m,  Splanch- 
nopleiire.  a/.p/.  Folds  of  the  amnion,  pp,  Pleuroperitoneal  cavity,  am, 
Cavily  of  amnion.  aJ,  Allantois.  a,  Position  of  the  future  anus.  A,  Heart. 
I,  Intestine.  t>i.  Vitelline  duct.  y>,  Yolk.  >,  Foregtit.  m,  Position  of  the 
mouth,     me.  The  mesentery. 


liquid  is  of  low  specific  gravity,  consisting  mainly  of  water  con- 
taining  traces  of  nitrogenous  matter,  and  also  phosphates  and 
chlorides. 

It  coDtains  albumin  and  some  other  nitrogenous  constituents, 
and  a  minute  quantity  of  urea,  which  is  thought  to  be  derived 
from  the  fcetal  kidneys. 

This  fluid  preserves  the  child  from  the  effects  of  any  jolts  or 
jars  caused  by  the  movements  of  the  mother,  and  similarly  pro- 
tects the  uterus  of  the  mother  by  acting  as  a  buffer  between  the 
foetus  and  the  uterine  wall.  Before  delivery  it  helps  to  dilate  the 
OS  uteri,  so  that  when  the  amnion  is  ruptured  the  head  of  the 
foetus  occupies  the  opening  which  has  been  gradually  made  by 
the  fluid  wedge.    The  outer  part  of  the  amniotic  membrane,  de- 
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rived  from  the  mesoblast,  is  of  a  tougher  character  than  the  inner 
epithelial  layer,  and  it  is  said  to  possess  muscular  fibre  and  to  be 
capable  of  rhyihmical  contractions. 

(2)  The  Yolk  Sac  is  that  part  of  the  blastoderm  which  grows 
and  envelops  the  yolk,  which  previously  was  only  surrounded  by 
the  vitelline  membrane.  After  the  mesoblast  has  split  into  two 
layers,  the  splanchnopleure  becomes  beut  inwards  at  a  poiut  some 
distance  from  its  origin,  carrying  with  it  the  hypoblast.  By  this 
curve  an  upper  constricted  c&ual  is  differentiated  from  the  large 
lower  cavity.  This  upper  canal  becomes  eventually  the  alimen- 
tary tract,  the  lower  cavity  the  yolk-sac,  whilst  the  constricted 
portion  leiiding  from  the  one  to  the  other  is  the  canal  leading 
from  the  intestine  to  the  yolk,  called  the  ductiu  vitello-inleMinaiis. 

At  first  the  splanchnopleure  incloses  only  the  upper  part  of  the 
yolk,  but  as  development  proceeds  it  grows  around,  and  at  last 
completely  encircles  it.  The  yolk-sac  is  thus  derived  from  the 
splanchnnpleural  layer  of  the  mesoblast,  and  its  lining  hypoblast. 

The  yolk  is  continually  used  up  for  the  nutrition  of  the  embryo, 
and  its  covering  shrinks  in  size,  becoming  smaller  with  the  growth 
of  the  fojtus,  until  eventually  it  forms  but  a  shrivelled  protraiion 
from  the  intestine,  lying  in  the  umbilical  cord. 

The  importance  of  the  yolk-sac  differs  largely  in  mammalia  and 
birds.  In  man  it  is  not  highly  developed,  as  its  place  is  early 
supplied  by  the  placenta.  In  birds,  however,  it  develops  to  a, 
much  higher  degree,  being  the  sent  of  a  special  circulation,  which 
carries  nourishment  from  the  yolk  to  the  chick.  The  vessels  are 
developed  in  the  mesoblastic  portion  of  the  membrane,  and  are 
called  the  omphalo-meaenterie  vetteU,  which  convey  blood  to  and 
from  the  primitive  heart. 

(3)  The  Allantoit,  or  urinary  vesicle,  in  the  chick  is  of  import- 
ance, as  the  vessels  developed  in  it  are  used  for  respiratory  pur- 
poses, being  spread  out  beneath  the  porous  shell.  In  the  mamma- 
lian embryo  it  is  still  more  important,  as  it  is  the  seat  of  the 
circulation,  which  performs  the  chief  function  of  the  foetal  pla- 
centa. The  allautois  arises  at  the  tail  of  the  embryo,  as  a  budding 
outwards  of  a  portion  of  the  splanchnopleure  forming  the  wall  of 
the  primitive  intestine.    It  is  lined  by  hypoblast,  and  prujecta 
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into  the  pleuro-peritoaeal  cavity.  Ae  it  grows  away  from  the 
embryo  it  esteods  between  the  layers  of  the  true  and  false  amnion 
and  approaches  towards  the  vitelline  membrane,  but  remains  con- 
nected to  the  inlcEtine  by  a  narrow  tube.  When  it  reaches  the 
periphery  of  the  ovum,  it  spreads  over  the  chorion  as  a  complete 
lining,  and  sends  processes  into  the  villi  of  that  organ.  It  becomes 
chiefly  developed,  however,  at  that  part  of  the  chorion  which  is 
opposite  the  decidua  terotina  of  the  mother.     In  the  mesoblastic 

Fio.  26S. 


Diagram  of  an  embryo,  showing  the  rclationsliip  uf  the  vascular  allantoia 
to  the  villi  of  (he  chorion.  (Cadiat.) — a,  Lies  in  cavity  of  the  amnion  under 
the  embryo.  6,  Yolk-sac.  r.,  .Vllantois.  d,  Vessels  of  tJie  allaotois  dipping 
into  the  villi  of  llie  chorion,    e.  Chorion. 


layer  of  the  allantois  bloodvessels  arise  which  are  connected  with 
large  trunks,  proceeding  from  the  primitive  aortte,  called  the  um- 
bilical arteries;  these  will,  however,  be  further  described  when 
treating  of  the  foetal  placenta. 

As  the  foetus  becomes  develojied,  the  part  of  the  allantois  in 
connection  with  the  body  becomes  gradually  obliterated.  A  part 
of  it  remains  as  the  urinary  bladder,  and  the  rest  forms  a  fibrous 
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cord,  which  ruus  from  the  apex  of  the  bladder  to  the  umbilicus, 
and  is  known  as  the  urachus. 

(4)  7%e  CAorion  is  the  external  covering  of  the  ovam.  At  first 
it  consists  simply  of  the  zona  pellucida  or  vitelline  membrane, 
and  then  it  is  called  the  primitive  chorion.  Later,  however,  it  is 
supplemented  by  the  part  of  the  somatopleure  removed  from  the 
embryo  in  the  process  of  forming  the  amnion.  This  blends  with 
the  primitive  chorion  and  strengthens  it,  and  while  lying  beneath 
the  zona  pellucida,  receives  the  name  of  the  subzonal  membrane. 
The  chorion  at  first  is  a  smooth  membrane,  but  villous  proceoes 
early  grow  out  from  it.  These  villi  are  chiefly  developed  at  its 
upper  part,  where  they  aid  in  the  formation  of  the  fcetal  placenta. 

The  allantois,  when  it  has  spread  over  the  chorion,  becomes 
blended  with  this  membrane,  and  fills  the  villous  proceeaes  with 
the  bloodvessels  it  contains. 


The  Placehta. 

The  placenta  is  a  moMt  important  organ  to  the  mammalian  em- 
bryo. It  conveys  not  only  nourishment,  but  also  oxygen  from 
the  maternal  blood  to  that  of  the  foetus.  It  is,  of  course,  neces- 
sary that  the  animals  whose  ova  do  not  contain  lai^e  stores  of 
food,  should  in  some  way  provide  the  substances  necessary  for  the 
life  of  their  embryo,  and  it  is  by  means  of  the  placenta  that  this 
is  brought  about.  The  embryo  of  oviparous  animals  does  not 
require  a  placenta  for  its  nutrition,  since  inside  the  egg  is  a  large 
store  of  highly  nutritious  albuminous  and  fatty  materials ;  the 
shell  is  pervious  to  air,  and  the  chick's  blood  can  in  the  allantois 
be  oxidized  by  the  air  directly.  A  bird's  egg  contains  in  itaelf 
all  the  necessaries  which  the  placenta  supplies,  and  when  impreg- 
nated only  requires  the  heat  of  the  mother's  body  to  develop  a 
chick. 

While  an  ovum  is  descending  the  Fallopian  tube,  the  mucous 
membrane  of  the  uterus  becnmes  turgid,  and,  as  before  mentioned, 
if  the  ovum  be  uniinpregnated  it  is  cast  out  of  the  body,  part  of 
the  substance  of  the  lining  membrane  of  the  uterus  is  desqua- 
mated and  discharged  with  a  fluid  largely  composed  of  blood. 
This  takes  place  approximately  every  four  weeks,  and  hence  is 


THE  PL.ACESTA. 
Fig.  257. 
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Serin  of  diagrams  representing  the  relatinnship  of  the  decidna  to  the 
ovum  Rt  different  ijcriods.  The  decidua  are  colored  black,  and  the  oTiira  is 
shaded  transversely.  In  4  and  S  the  vascular  procemea  of  the  chorion  are 
figured  (copied  from  Dalton). — 1.  Ovum  entering  the  congested  niacous 
membrane  of  the  fnndus — decidua  serotina.  2.  Decidim  reflexa  growing 
round  ihe  ovum.  3.  Completion  of  the  decidua  around  the  ovum.  4.  Gen- 
eral growth  of  villi  of  the  chorion.  6.  Special  growlliof  villi  at  p\»>a!«*3^ 
attachment,  and  atrophy  of  the  rcxl. 
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called  menstruation.  If,  however,  the  OTom  be  impregnated,  the 
mucous  membrane  of  the  uterus  not  only  becomes  turgid,  but  its 
cells  proliferate,  and  considerable  thickening  of  the  tissue  takes 
place.  The  mucous  membrane  is  then  called  the  deddna.  When 
the  ovum  reaches  the  uterus,  it  ordinarily  becomes  imbedded  in 
that  part  of  the  decidua  which  occupies  the  fundus  of  the  uterus.  1 
The  decidua  here  grows  excessively,  and  becomes  much  thickened, 
and  on  either  side  of  the  ovum  a  projection  is  sent  from  the  de- 
cidua which  meets  below  the  ovum,  and  completely  encircles  it. 

To  the  membrane  lining  the  general  cavity  of  the  uterus  the 
name  decidua  vera  is  given,  whilst  that  part  lining  the  fundus,  to 
which  the  ovum  is  attached,  is  called  the  decidua  aerotina,  its 
processes  surrounding  the  ovum  receiving  the  name  of  the  decidua 
refiexa. 

The  placenta  is  developed  from  two  sources,  one  arising  from 
the  membranes  of  the  foetus,  and  the  other  belonging  to  the 
mother. 

Relation  of  the  Ftetal  to  Maternal  Placenta. — The  maternal  part 
is  formed  from  the  decidua  serotiua,  which  becomes  much  thick- 
ened and  very  vascular  where  the  placenta  is  attached.  The 
foetal  placenta  is  derived  from  the  chorion,  which  sends  out  a 
number  of  finger-like  processes,  which  subdivide,  and  into  which 
the  allantois,  as  it  spreads  over  the  chorion,  sends  prolongations. 
The  mesoblastic  layer  of  the  allantois  gives  rise  to  the  capillaries 
which  are  in  these  processes.  The  capillaries  spring  from  the 
branches  of  the  umbilical  arteries  which  pass  along  the  umbilical 
cord  to  reach  the  chorion.  The  vessels  of  the  decidua  serotiua 
or  maternal  placenta  end  in  large  sinuses,  lined  by  endothelial 
cells.  The  blood  is  carried  to  these  sinuses  by  the  uterine  arte- 
ries, and  from  them  by  the  uterine  veins.  The  walls  of  the  si- 
nuses are  provided  with  unstriped  muscular  tissue,  which  can  close 
the  inlets  from  the  arterie?,  and  thus  shut  out  the  blood.  The 
villi  of  the  fcetal  placenta,  dipping  into  these  uterine  sinuses,  are 
covered  with  a  single  layer  of  thin  scaly  cells,  so  that  the  foetal 
blood  is  only  separated  from  the  maternal  by  the  walls  of  the 
capillaries  and  these  thin  cells,  and  thus  the  interchange  of  ou- 
trient  materials  and  gases  readily  goes  on  between  them  ;  it  is  very 
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similar  to  the  conditions  of  the  lung  alveoli,  where  the  blood  is 
separated  from  the  air  with  which  it  interchanges  gases  by  the 
cells  of  the  capillary  wall  and  of  the  lung  alveolus. 

Though  the  capillaries  of  the  foetus  are  in  such  close  relation 
to  the  blood  of  the  mother,  it  must  be  distinctly  understood  that 

Fio.  258. 


Antero-poslerior  section  (lirough  a  gravid  uterus  and  ovum  of  five  weeki 
(sciui-Uiagrstntuatic).  (Allen  Thomson.) — a.  Anterior  w.ill  of  uterus,  p.  Pos- 
terior wall  of  uterus,  m.  Muscle  substance,  g.  Glandular  layer.  *».  De- 
cidua  serolina.  r.  Decidua  reflexa.  r.  Decidaa  vera.  cA.  Chorioa.  u.ii. 
Uterine  cavity,    c.  Cavity  of  the  cervix 


there  ia  no  direct  communication  bettveen  the  vessels  of  the  fcetus 
and  those  of  the  mother,  and  therefore  it  is  not  possible  to  inject 
the  vessels  of  the  mother  through  those  of  the  foetus,  or  vice  versa 
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The  nutrient  materials  from  the  maternal  blood  together  with 
oxygen  diffuse  through  the  walla  of  the  foetal  capillaries,  the  effete 
matter,  on  the  other  hand,  passing  from  the  capillaries  to  the 
blood  in  the  veins  which  surrounds  and  bathes  these  vessels.  The 
placenta  increases  with  the  growth  of  the  foetus  till  shortly  before 
birth,  when  it  is  said  to  undergo  a  certain  amount  of  degenera- 
tion. It  is  cast  out  of  the  uterus  ailer  the  expulsion  of  the  foetus 
with  the  membranes  attached  to  it.  It  is,  however,  only  the 
superficial  layer  of  the  maternal  placenta  (which  is  intimately 
connected  with  the  foetal  placenta)  that  is  cast  off,  the  deeper 
layer  remaining  in  the  uterus,  and  undergoing  various  chaugOB 
during  the  reduction  of  this  organ  to  its  normal  size. 

After  ligature  of  the  umbilical  cord,  the  intimate  relationshifM 
of  the  maternal  and  foetal  circulations  cease,  and  it  is  thought 
that  this  causes  the  inlets  of  the  uterine  sinuses  to  contract,  so 
that  when  the  placenta  separates  from  the  uterine  walls,  the  arte- 
rioles leading  to  the  sinuses  are  contracted  and  possibly  occluded 
with  clots.  The  uterine  blood  current  is  thus  prevented  from 
escaping  into  the  uterine  cavity  after  parturition,  and  causing 
profuse  hffimorrhage. 

The  uses  of  the  placenta  may  be  briefly  summed  up  as : 

(1)  AlimtHtary,  as  it  supplies  the  place  of  the  alimentary  canal. 

(2)  Respiraiory,  as  it  performs  the  function  of  the  lungs. 

(3)  Excretory,  as  it  does  duty  for  the  kidneys  and  some  other 
excretory  organs. 


CHAPTER  XXXVIII. 


DEVELOPMENT  OF  THE  SPECIAL  SYSTEMS. 


Fio.  259. 


Development  of  the  Vertebral  Axis. 

The  earliest  evideuce  of  the  differentiation  of  the  blastoderm 
oonsiata  m  the  appearance  of  the  primitive  ttreak  which  forms  the 
first  sign  of  the  embryo.  This 
ie  a  line  which  appears  near 
what  is  to  be  the  tail  end  of 
the  embryo,  and  runs  for- 
wards. This  primitive  line 
or  streak  is  due  to  the  thick- 
ening of  the  mesoblast,  and 
it  becomes  converted  into  a 
groove  by  a  depression  ap- 
pearing in  its  centre,  forming 
the  primitive  groove.  This 
extends  in  a  forwanl  direc- 
tion, but  never  reaches  the 
head  fold  of  the  embryo, 
which,  in  the  chick,  appears 
a  few  hours  after  the  forma- 
tion of  the  primitive  groove. 

In  front  of  the  primitive 
groove,  and  stretching  back- 
wards to  overlap  it  at  the 
sides,  arise  two  folds  of  the 
epiblast,  called  the  lamins 
dorsales,  or  the  medullary 
folds. 

These  are  the  elevations  of 
the  epiblast,  beneath  which  the  mesoblast  is  thickened.     They 
arise  in  front,  where  they  are  joined  immediately  behind  the  head 


View  of  the  area  pellucidii  of  a  chick 
of  eighteen  hoiire  seen  from  above. 
(Foster  and  Balfour.) — A.  Medullary 
folds,  me.  Medullary  ^oove.  pr. 
Primitive  utreak  and  groove. 
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fold,  whilst  posteriorly  they  diverge,  and,  passing  on  either  side 
of  the  primitive  groove,  gradually  become  lost.    Between  the  two 


Fio.  aw. 


Transveree  Bection  of  the  embrjo  of  ■  chick  at  the  end  of  the  6r8t  day. 
(KoUiker.) — ip.  Meaoblait  Pr.  Mediillarr  groove.  Rf.  ifedullary  fold. 
(/.(<.  Hypoblast,  m.  Mediillarr  plate,  h.  Epiblaat.  eh.  Chorda  dorialia. 
uwp,  Protovertebral  plate,    uich.  DivUion  of  mesoblast. 

folds  is  a  furrow  lined  by  epiblaat,  which  is  called  the  medullary 
groove. 

The  medullary  folds  growing  upwards  turn  in  towards  one 
another,  and  eventually  coalesce  at  their  line  of  meeting,  coo- 


Tratuveme  section  of  an  embrro  of  a  chick  at  the  Utter  end  of  the  second 
day.  (KoUiker.) — rw.  Medullary  fold.  rf.  Medullary  groove,  k.  Epi- 
blast.  ao.  Aorta,  dd.  Hypoblast,  p.  Pleuro-peritoneal  cavity.  »p.  Ex- 
ternal plate  of  mesoblast  dividing,    uwp.  Protovertebral  pUte. 

verting  the  medullary  groove  into  a  channel — the  medullary 
canal;  tbifl  union  of  the  folds  takes  place  from  before  backwards. 
The  medullary  canal  thus  formed  lies  in  the  axis  of  the  em- 
bryo on  the  uncleft  raesoblast;  it  is  covered  in  superficially  by 
several  layers  of  epiblastic  cells,  which  also  line  its  walls.     The 
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canal  is  the  earliest  representative  of  the  neryoas  centres,  and 
eveDtuallj  becomes  the  brain  and  spinal  cord.  The  front  part 
of  the  canal,  when  completely  closed  in,  becomes  dilated  into  a 
bulb,  thus  forming  the  earliest  indication  of  the  brain.  The 
hind  part  of  the  medullary  groove  remains  unclosed  consider- 
ably later  than  the  forepart.  It,  however,  gradually  becomes 
converted  into  a  canal  at  the  tail  end,  and  as  it  extends  back- 
wards it  obliterates  the  primitive  streak  and  groove,  which  are 
lost,  and  take  no  permanent  part  in  the  formation  of  the  embryo. 


Fro.  262. 


.'.-^...^' 


Transverse  section  through  the  embryo  of  a  chkk  uii  the  Betond  day  wliere 
the  medullnry  canal  ifi  dosed.  (KoUiker.)— mr.  Medullary  canal,  h.  Epi- 
blast.  uwh.  Cavity  of  protoTertebra  utr.  ung.  Wolffian  duct.  mp.  Meso- 
blasl  dividing  into  kjU.  Somatopleure.  tlf.  Splanciinoplenre.  »p.  Pleuro- 
peritoneal  cavity,     dd.  Hypoblast,    eft.  Notochord. 


Beneath  the  medullary  canal  the  cells  of  the  mesoblast  are 
altered  to  form  a  rod-shaped  cellular  body,  which  following  the 
line  of  the  canal  lies  iu  the  axis  of  the  embryo  ;  this  is  the  chorda 
dortalis  or  notochord. 

Supporting  the  medullary  canal  on  either  side  of  the  chorda 
dorsal  is  are  masses  of  mesoblast,  somewhat  quadrangular  in  sec- 
tion, which  are  termed  the  vertebral  plate* ;  continuous  with  these 
externally  are  other  thinner  masses  of  mesoblast  called  th^lalerai 
plates. 

The  lateral  plates  become  divided  into  an  upper  part  or  tomate- 
pleure,  which  is  in  close  relationship  to  the  epi blast,  and  a  lower 
part,  the  uplanchnopleurc,  which  is  next  to  the  hypoblast ;  the 
space  between  these  being  the  pleuro-peritoneal  cavity.  The  ver- 
tebral plates  become  separated  from  the  lateral  plates  by  a  loogi- 
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tudiaal  partitioa,  ao  that  on  either  side  of  the  neural  canal  is  a 
maaB  of  uDdivided  mesoblast  extending  laterally  towards  the 
divided  mesoblast. 

In  each  vertebral  plate  there  appear  traosverae  vertical  inter- 
ruptions at  definite  intervals  which  split  the  plate  ap  into  a  oum- 


Fio.  264. 


'  Fio.  203. — l:.iDbryo  chick  «t  the  end  of  the  second  day,  seen  from  below. 
(Kolliker.) — FA.  Forebrain.  Ab.  Uptic  vesicles.  Ch.  Nolochord.  H.  Heart, 
om.  Omphalo-meaenteric  veins.      Vd.  Lower  opening  of  forcgut. 

Fia.  264. — Division  of  the  vertebral  column  of  a  chick.  (Kolliker  after 
Kemak.) — 1.  Nolochord.  2.  Points  of  separation  of  the  original  prolover- 
tcbne,  3.  Points  of  division  of  the  permanent  vertebra.  4.  Arches  of  the 
vertebne.  5.  Spinal  ganglia,  e.  Body  of  first  cervical  vertebra,  d.  One 
of  the  lower  vertebne. 

ber  of  quadrangular  blocks  of  mesoblast,  known  as  the  protover- 
tcbra ;  the  number  of  these  corresponds  to  the  number  of  vertebne 
of  the  animal. 

These  protovertebrse  become  subdivided  by  transverse  fissures 
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TnuMTcrse  seolion  through  the  donial  region  of  nn  emhryo  chick  of  forty- 
five  hours.  (Foster  and  Ualfour.) — A.  Epiblast.  M.c.  Medullary  canal. 
/".».  Proloverlebre.  W.d.  Wolffian  duct.  p.p.  Pleuro-peritoneal  cavity. 
S.o.  Soraatopleure.  S.p.  Splanchnopleiire.  ii.r.  VeswU.  a.o.  Aorta.  B. 
Mesnblast.  C.  HyixihlasL  o.p.  Line  of  nnion  of  opaque  and  pellucid 
areas,     ki.  Spheres  of  the  while  yolk. 
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into  external  parte,  the  mtucle  platen,  which  form  eventually  the 
dorsal  and  other  muscles,  and  intemal'parta  which  become  the 
permanent  vertebrse. 

From  these  inner  portions  processes  of  mesoblast  grow  upwards 
over  the  medullarr  canal  to  meet  with  processes  from  the  pro- 
tovertebrie  of  the  opposite  $ide.  Mesoblastic  tissue  also  grows 
inwards  between  the  medullarj  canal  and  the  notochord,  and 
between  the  notochord  and  the  subjacent  hypoblast. 

These  projections  beneath  the  notochord  meet  with  projections 
from  a  mass  of  the  mesoblast,  which  lies  between  the  protover- 
tebrteand  the  cleft  mesoblast,  which  is  known  as  the  intermediate 
cell  mass. 

The  portions  of  the  protovertebrse  above  the  me^lullary  canal 
form  the  arches  of  the  vertebrie;  from  those  surrounding  the 
notochord  the  bodies  of  the  vertebrte  are  developed. 

The  outer  part  of  each  protovertebra  divides  into  an  anterior 
or  pre-azial  part,  from  which  arises  the  ganglion  of  a  spinal  nerve, 
and  into  a  posterior  or  post-axial  part. 

After  this  the  original  lines  of  separations  between  the  proto- 
vertebra; disappear,  and  the  spinal  column  is  fused  into  a  carti- 
laginous mass.  New  segmentation  now  appears  in  the  centre  of 
each  original  protovertebra,  midway  between  the  primary  divi- 
sions. Thus  the  vertebral  column  is  divided  into  a  number  of 
component  parts,  each  of  which  is  destined  to  become  a  permanent 
vertebra. 

The  vertebrae  do  not  then  correspond  to  the  original  protover- 
tebrse, but  rather  to  the  posterior  half  of  that  which  lay  in  front 
of  the  primary  division  joined  to  the  anterior  half  of  the  one  be- 
hind. The  ganglia  of  the  spinal  nerves,  therefore,  by  this  arrange- 
ment, instead  of  belonging  to  the  front  of  the  vertebra  become 
joined  to  the  posterior  part  of  the  vertebra,  to  which  they  belong. 

The  notochord  atrophies  with  ossification  of  the  vertebrte,  and 
finally  is  represented  only  by  a  mass  of  soft  cells  in  the  centre  of 
an  intervertebral  disk. 

In  connection  with  the  vertebraa  in  the  dorsal  region,  procesBes 
grow  horizontally,  these  are  the  rudiments  of  the  ribs. 
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Devklopmknt  of  the  Cestral  Nervous  System. 

^inal  Cord. 

SooD  after  the  closure  of  the  medullary  or  neural  canal  at  its 
anterior  or  cranial  end,  it  is  dilated  in  this  region  into  three  ve8i> 
cJes  known  as  the  first,  second,  and  third  cerebral  vesicles,  from 
which  the  brain  is  developed.     The  spinal  cord  is  formed  from 


Fio.  266. 


TransTcrBc  section  of  llie  spinal  oolnraa  of  the  haman  embryo  of  from 
nine  to  ten  weeks.  (Kollikcr.) — dm.  Dura  mater,  p'.  Columns  of  GoU. 
p.  Posterior  column,  pr.  Posterior  root.  no.  Arch  of  vertebra,  g.  Gan- 
glion of  a  spinal  nerve,  a.  Anterior  column,  or.  Anterior  root  cA.  Noto- 
chord.  6.  Bod;  of  the  vertebra,  n.  Spinal  nerve,  e.  Central  canal,  e. 
Epithelium  of  canal. 

the  part  of  the  medullary  canal  which  lies  over  the  chorda  dor- 
salis.  The  medullary  canal  is  lined  by  columnar  cells  derived 
from  the  epibtast,  which,  shortly  after  they  are  shut  off  from  the 
general  epiblast,  develop  at  the  sides  of  the  canal,  so  as  to  narrow 
the  lumea  of  the  tube  by  the  iucrease  in  thickness  of  iU  aidea. 
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The  upper  and  lower  parts  of  the  caual  do  not,  however,  become 
thickened.  The  lateral  walls  approximate  to  the  centre,  decreas- 
ing laterally  the  lumen  of  the  canal,  which  becomes  narrow  in 
the  middle  with  a  dilatation  above  and  below.     The  lateral  walls 


iei. 


TransTorae  section  uC  ihe  xpinal  cord  of  a  chick  of  seven  days.  (Focter 
and  Balfour.) — ep.  Epithelium  lininK  the  nicduUnry  canal,  pf.  Pari  of  the 
oavity  of  the  niediil  Inry  cnnal  whieli  l)eoomea  the  posterior  fisenre.  rpe. 
Permanent  medullary  tiibc  or  central  canal  of  the  spinal  cord.  tige.  .\jate- 
rior  gray  cotnmiasure.  af.  Anterior  fissure,  not  yet  well  formed,  e.  Tissue 
filling  in  the  upper  part  of  the  posterior  fissure,  pe.  Cells  forming  the  pos- 
terior gray  matter  pew.  PoBterior  white  column,  et.  Mesoblast  surround- 
ing the  spinal  cord.  leie.  Lateral  white  column,  aew.  Anterior  white  ool-  | 
umn.     ne.  Cells  forming  the  anterior  i^ray  matter. 


of  the  canal,  thus  approximated,  unite  in  their  centre,  and  con- 
vert the  medullary  canal  into  two  separate  tubes,  a  dorsal  and  a 
ventral. 
The  lower  or  ventral  tube  of  the  divided  canal  becomes  the 
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central  canal  of  the  spinal  cord,  and  tbe  columnar  cells  of  the 
epiblast  form  a  lining  of  ciliated  colunioar  epithelium. 

The  epiblast  at  the  lower  part  of  tbe  canal  becomes  converted 
into  the  anterior  gray  columns,  iu  connection  with  which  arise 
the  anterior  roots  of  the  spinal  nerves  ;  whilst  at  the  upper  part 
the  posterior  gray  columns  are  formed  iu  connection  with  the  pos- 
terior roots  of  the  spinal  nerves  and  their  ganglia. 

The  white  columns  are  thought  by  some  authors  to  be  derived 
from  the  roesoblast  surrounding  the  canal,  but  by  others  they  are 
assigned  to  the  epiblast. 

The  upper  or  dorsal  canal  becomes  converted  into  a  fissure  by 
the  absorption  of  its  root,  and  is  thus  changed  into  the  posterior 
fissure  of  the  spinal  cord. 

The  anterior  fissure  is  formed  by  the  downgrowth  of  the  ante- 
rior columns,  which  diverge,  leaving  between  them  an  interval 
which  becomes  occupied  by  the  pia  mater. 

The  commissures  are  not  formed  between  the  lateral  halves  of 
the  cord  until  later.     The  gray  commissure  appears  first. 


The  Brain. 

Anterior  cerebral  vesicle. — As  already  mentioned,  the  brain  is 
formed  from  the  primitive  neural  canal,  the  anterior  part  of 
which  becomes  dilated  into  three  little  swellings  called  the  ante- 
rior, middle,  and  posterior  cerebral  vesicles.  From  the  anterior, 
or  first  cerebral  vesicle,  at  an  early  period  spring  two  processes, 
which  become  the  optic  vesicles.  These  ultimately  become  de- 
veloped into  the  retina  and  other  nervous  parts  of  the  eye,  with 
tbe  history  of  which  the  changes  occurring  in  them  will  be  do- 
scribed. 

The  optic  vesicles  are  displaced  downwards  by  two  processes 
growing  forwards  from  the  anterior  cerebral  vesicle,  which 
becomes  divided  into  two  parts,  the  anterior  of  which  is  subse- 
quently developed  into  the  cerebral  hemispheres  and  the  olfac- 
tory lobes,  while  the  hinder  part  receives  the  name  of  thalamen- 
etphalon. 

Tbe  cavity  of  the  thalamencephalon  opens  behind  into  the 
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cavity  of  the  middle  oerebml  hemisphere,  and  in  front  it  commu- 

Fio.  268. 


Diignm  of  the  cerebral  resides  of  the  brain  of  s  chick  at  the  second  daj. 
(Cadiat.) — 1,  2,  3,  Cerebral  vesicles.    0.  Optic  vesicles. 

oicates  with  the  hollow  rudimenta  of  the  cerebral  hemiapheres. 


Diagram  of  a  vertical  longitudinal  section  of  the  developing  brain  of  a 
vertebrnte  animal,  showing  the  relation  of  the  three  cerebral  vesicles  to  the 
difTerent  pnrts  of  the  adnit  brain.  (Huxley.) — O//.  Olfactory  lobes.  F.M. 
Foramen  of  Monro.  C.S.  Corpus  striatum.  TA.  Optic  thalamus.  P».  Pineal 
gland.  jlf.&.  Mid-brain.  C6.  Cerebellum.  Af.O.  Medulla  oblongata.  Hmp. 
Central  heniinphercs.  rA£.  Thalamcncephalon.  i^.  Pituitary  body.  C.Q. 
Corpora  quad rigeniina.  C'.C.  Crura  cerebri.  P.  F.  Pons  Varolii.  /. — Xll. 
Regions  frurn  which  spring  the  cranial  nerves.  1.  Olfsctury  ventricle.  3. 
Lateral  ventricle.    3.  Hind  ventricle.    4.  Fourth  ventricle. 

aud  eventually  it  becomes  the  cavity  of  the  third  ventricle.     The 
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floor  of  the  thalamencephaJon  is  ultimately  developed  into  the 
optic  chiasma  and  part  of  the  optic  nerves,  as  well  as  the  infun- 
dibulum.  The  latter  comes  iu  contact  with  a  process  from  the 
raouth,  which  is  ultimately  change<l  into  the  pituitary  body.  The 
anterior  part  of  the  roof  of  the  thalamencephaloo  becomes  very 
thin,  and  its  place  is  finally  occupied  by  a  vascular  plexus,  which 


Diagram  of  a  horizonul  section  of  a  vertebrate  brain.  (Hozley.) — 0^, 
Olfactory  lobes.  L.r.  Lamina  leriuinajis.  CS.  Corpus  striatum.  H,  Optic 
tlialamiis.  Pti.  Pineal  gland.  M.b.  Mid-brain.  Cb.  Cerebellum.  M-O. 
Medvilla  oblongata.  I.  Olfactory  ventricle.  2.  Lateral  ventricle.  3.  Hind 
ventricle.     4.  Fourth  ventricle.     +  Iter  a  tertio  ad  quartum  ventriculum. 

persists  in  the  roof  of  the  third  ventricle  (choroid  plexus).  The 
pineal  gland — a  peculiar  outgrowth,  of  unknown  function —  is  de- 
veloped from  the  posterior  part  of  the  roof  of  the  thalamence- 
phaJon, and  from  its  sides,  which  become  extremely  thickened, 
are  developed  the  optic  Utalami. 
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The  primitiTe  cerebral  hemispheres  first  appear  as  two  lobes 
growing  out  from  the  front  of  the  anterior  part  of  the  first  cerebral 

Fio.  271. 


Chick  on  the  third  day,  seen  from  beneath  (u  a.  tntnsptu^nt  object,  the 
head  being  turned  to  one  side.  (Foster  and  Balfonr.) — a'.  False  amnion. 
a.  Amnion.  CH.  Cerebral  hemisphere.  F.B.,  M.B.,  R.B.  Anterior,  Mid- 
dle, and  Posterior  cerebral  vesicles,  ap.  Optic  vesicle,  ol.  Auditory  resi- 
de, q/r.  Omphalo-mesenteric  veins.  Ht.  Heart.  Ao.  Bulbus  arteriosus. 
Ch.  Notochord.  OJ.a.  Omphalo-mesenteric  arteries.  Pv.  Protovertebrsr. 
z  Point  of  divergence  of  the  splaschnopteural  folds,  y.  Termination  of  the 
fore-gnt,  V. 

vesicle.    The  floor  of  these  lohes  thickens  to  give  rise  to  the  c«>r- 
pora  striata,  and  the  roof  develops  into  the  hemispheres  proper. 
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The  cavities  of  these  lobes  become  the  lateral  ventricles,  and  are 
connected  by  means  of  the  foramen  of  Monro,  which  at  the  earlier 
periods  is  very  wide,  but  subsequently  becomes  narrowed  to  a 
mere  slit.  The  cerebral  hemispheres  are  separated  by  the  in- 
growth of  a  septum,  which  is  ultimately  formed  into  the  falx  cerebri. 
The  hemispheres  are  then  greatly  enlarged  in  the  backward  di- 
rection, so  that  they  quite  overlap  Lhe  thalameucephalon  and  the 
parts  developed  from  the  middle  cerebral  vesicle.  The  corpus 
callosum  is  subsequently  formed  by  the  fusion  of  the  juxtaposed 
parts  of  the  hemispheres. 

From  the  anterior  part  of  the  cerebral  hemispheres  arise  two 
proiougations,  which  develop  into  the  olfactory  bulbs,  these  grow 
forwards,  and  soon  lose  their  cavities  which  at  first  communicated 
with  those  of  the  ventricles. 

Middle  cerebral  ve«icle. — By  the  cranial  flexure  the  brain  is  bent 
at  the  junction  of  the  first  and  second  cerebral  vesicles,  the  first 
cerebral  vesicle  is  thus  turned  downwards,  leaving  the  second 
vesicle  as  the  most  anterior  part  of  the  brain. 

The  upper  walls  of  the  second  cerebral  vesicle  are  developed 
into  the  corpora  quadrigemina. 

The  cavity  of  this  vesicle  persists  as  a  narrow  channel,  and 
forms  a  communication  between  the  third  ventricle  in  front  and 
the  fourth  ventricle  behind,  and  receives  the  name  in  the  adult 
brain  of  the  iter  a  tertio  ad  quartum  ventrieulum.  The  crura  cere- 
bri arise  from  the  lower  wall  of  this  middle  vesicle. 

The  third  cerebral  vesicle  is  divided  into  an  anterior  and  a  pos- 
terior part.  From  the  upper  part  of  the  anterior  division  arises 
the  cerebellum,  and  from  its  lower  part  the  pons  Varolii. 

The  posterior  division  gives  rise  to  the  medulla  oblongata. 

The  cavity  of  this  vesicle  is  called  the  fourth  ventricle.  It  la 
continuous  with  the  central  canal  of  the  spinal  cord.  Its  upper 
wall  is  thinned  and  forms  the  valve  Vieussens.  It  coramuoicaies 
with  the  subarachnoid  space  through  the  foramen  of  Majendie. 

The  Alimentaby  Cawax,  awd  its  Appekdaobs. 

When  the  blastoderm  is  bent  at  its  anterior  extremity  to  form 
the  cephalic  fold,  it  closes  in  and  forms  the  anterior  boundary  of 
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a  short  caual,  the  upper  wall  of  which  is  formed  bj  the  general 
blastoderm,  and  it«  lower  wall  by  that  part  of  the  spIanchDopleur* 
which  runfi  backwards,  leaving  the  somatopleure  to  form  the 
pleuro-peritoneal  space.  It  then  turns  forwards  to  meet  with 
the  UDcleft  mesoblaat,  forming  the  wall  of  the  yolk-sac,  which 
ooramunicates  freely  with  this  rudimentary  part  of  the  alimentary 
tract. 

This  canal  becomes  closed  in  for  a  considerable  extent,  and  u 
then  called  the  fore-gut.     It  is  the  precursor  of  the  pharynx,  the 

Fio.  272. 


Alimentary  can&l  of  an  embryo  whibt  the  nidimenlAry  mid-gut  is  still  in 
oontinuity  with  the  yolk-sac  (Kolliker  nfterBischoff) — A.  Viae/rom  beloa : 
a.  Pharyngeal  plates,  b.  The  pharynx,  e.e.  Diverticula  forming  the  lungs. 
d.  The  stomach.  /.  Diverticula  of  the  liver,  g.  Memhrnne  torn  from  tlie 
yolk-sac.  A.  Ilind-gul.  B.  LonffUudinal  tation:  a.  Diverticulum  of  a 
limg.    6.  Stomach,    e.  Liver,    d.  Yolk.«ao. 

lungs,  the  oesophagus,  the  stomach,  and  the  duodenum.  The 
mouth,  which  at  this  period  is  unformed,  is  developed  later  by  an 
involution  of  the  epiblast  and  the  removal  of  the  tissue  between 
the  fore-gut  and  the  buccal  cavity. 

The  tail  fold,  in  a  somewhat  similar  manner,  shuts  off  a  canal 
called  the  hind-gut,  which  becomes  developL'd  into  the  posterior 
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part  of  tbe  alitoentarj  canal.  This  hind-gut  until  the  further  de- 
velopment of  the  bladder,  etc.,  is  in  connection  with  the  allantois 
which  arises  as  a  bud  from  the  lower  part  of  the  rudimentary 
htud-gut. 

Between  these  two  canals  nu  intermediate  one  ia  formed  by  the 
splanchnopleure  of  the  mesublast,  which,  at  a  distance  from  its 
origin,  becomes  constricted,  and  shuts  off  an  upper  canal,  tbe  tnid- 


Fio.  273. 


Position  of  the  various  parts  of  tbe  alimentary  canal  at  different  stages. 
A.  Embryo  of  6ve  weeks;  B.  Of  eight  weeks;  C.  Of  ten  weeks.  (AUert 
Thomson.) — I.  Pharynx,  n.  Stomach,  i.  Small  intestine,  i'.  Large  in- 
testine, g.  Genital  duct.  u.  Bladder,  d.  Cloaca,  e.  Cnctim.  t>i.  Ductiu 
Titello  intestinalii.    «t.  Urogenital  sinus,    v.  Yolk-sac. 

gul,  from  &  lower  larger  organ,  the  yolk-sac,  the  connection  be- 
tween the  two  forming  the  duclut  viUllo-inteslinalui. 

Thus  the  primitive  alimentary  canal  consists  of  an  anterior  and 
a  posterior  canal,  which  are  closed  below,  and  a  canal  interme- 
diate between  these,  which  opens  at  its  lower  surface  into  the  yolk- 
sac. 

As  the  placental  circulation  becomes  more  and  more  developed, 
go  the  yolk-sac  shrinks  and  atrophies,  until  at  last  it  is  represented 
by  a  fold  of  tissue  connected  with  the  primitive  intestine.     The 
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ductus  Titello-intestiualia  accordingly  becomes  obliterated,  and 
thus  the  mid-gut  is  closed  at  its  lower  aspect 

The  primitive  intestine  placed  at  the  inferior  aspect  of  the  em> 
bryo,  just  below  the  protovertebrse,  is  lined  internally  by  hypo- 
blast, and  covered  externally  by  mesoblaat.  The  cephalic  or 
anterior  extremity  of  the  canal  is  formed  by  unclefl  mesoblast ; 
the  rest  of  the  canal  is  formed  by  the  splanchnopleural  layer  of 
the  mesoblast. 

A  dilatation  of  a  part  of  the  fore-gut  gives  origin  to  the  primi- 
tive stomach ;  this  is  quite  straight  at  first,  lying  below  the  ver- 

Fio.  274. 


Longitudinal  »ection  of  n  foctnl  sheep.  (Codint.) — a.  PericardJore.  b. 
Commencenient  of  Diaphragm,  e.  Heart,  d.  Branchiml  orchet.  e.  Phar- 
ynx.  /.  Origin  of  lung.    g.  Liver. 

tebral  column,  with  which  it  is  connected  by  mesoblast.  After 
a  time  the  stomach  becomes  turned  to  the  right  side,  so  that  the 
left  surface  of  the  organ  comes  to  lie  anteriorly  and  the  right  sur- 
face posteriorly,  the  mesoblast  connecting  it  with  the  vertebral 
column,  being  developed  int«  the  peritoneal  processes  of  the  orgmn. 
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[  The  lower  part  of  the  fore-gut  is  of  much  amaller  calibre  than 
the  dilated  portioa  forming  the  stomach ;  it  becomes  the  duode- 
num, in  connection  with  which  arise  two  important  viscera,  the 
liver  and  the  pancreas. 

The  mid-gut  and  hind-gut  form  the  small  and  large  intestines, 
these  being  at  first  one  straight  tube,  of  which  the  small  intestine 
has  the  larger  calibre.     The  small  intestine,  as  it  grows,  fails  into 

Via.  276. 


Diagram  of  the  alimentary  canal  of  a  chick  at  the  fborth  daj.  (Foater 
and  Balfour,  after  Gottc.) — ty  Diverticulum  of  one  lung,  ;S(.  Stomach.  /, 
liver,    p.  Pancreao. 

folds,  and  the  mesoblast  connecting  it  to  the  vertebral  column 
forms  the  mesentery. 

The  large  intestine  is  at  first  a  straight  tube  lying  to  the  left  of 
the  embryo ;  it  becomes  bent,  and  part  of  the  tube  is  directed 
towards  the  right  side;  this  develops  another  flexure,  the  portion 
of  intestine  below  which  grows  downwards.  Thus  that  part  r&. 
maining  on  the  left  side  forms  the  rectum,  the  sigmoid  flexure, 
and  the  descending  colon  ;  whilst  that  part  between  the  flexures 
becomes  the  transverse  colon,  and  that  on  the  right  side  the  as- 
cending colon. 

The  cscum  is  developed  from  the  ascending  colon,  the  ileo-ctecal 
valve  arising  and  shutting  ofi'the  one  part  of  the  intestinal  canal 
from  the  other.     The  vermiform  appendix  originates  from  the 
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inferior  extremity  of  the  cfecum,  which,  owing  to  its  feeble  f^wth| 
is  of  much  smaller  calibre  than  the  upper  part. 

The  epithelial  lining  of  the  intestines  is  derived  frooa  the  bjpo< 
blast,  and  the  muscular,  vascular,  connective  tissue,  and  scroui 
coverings  are  mesoblastic  in  their  origin. 

The  liver  is  developed  from  two  diverticula  of  the  duodenu 
in  connection  with  which  arise  cylinders  of  cells.  The  bypobl 
develops  into  the  liver  cells  and  the  cells  lining  the  ducts,  t 
mesoblast  furnishing  the  vascular  and  connective  tissue  parts 
the  organ.  The  two  diverticula  are  connected  by  a  transvenl 
piece,  and  form  the  right  and  left  lobes  of  the  liver. 

The  process  connecting  the  liver  to  the  duodenuat  forms  th< 
common  bile  duct,  and  from  this  the  gall  bladder  is  developed  ai 
an  outgrowth. 

The  vessels  of  the  embryo  which  are  in  relation  to  the  liva 
will  be  described  under  the  vascular  system. 

The  pancreas  arises  as  an  outgrowth  from  the  duodenuin  it 
constituent  parts  originating  in  a  manner  similar  to  those  of  tbi 
liver. 

The  spleen  is  derived  from  the  mesoblast,  and  is  developed  a 
one  of  the  peritoneal  processes  of  the  stomach. 

The  lungs  are  developed  in  connection  with  the  oesophagas,  a 
which  they  are  early  outgrowths. 

The  canal  of  the  fore-gut  at  a  certain  point  becomes  lateralis 
constricted,  its  transverse  section  presenting  an  hour-glass  sba 
consisting  of  an  upper,  and  a  lower  dilated  portion,  united  by 
central  constricted  neck.     The  lower  of  these  cavities   become 
subdivided  by  the  outgrowth  of  the  lateral  portions  and  the  u 
growth  of  a  part  of  the  lower  wall  which  forms  a  central  septu 
so  that  the  fore-gut  comes  to  be  composed  of  an  upper  UQdivid< 
tube,  giving  off  two  appendages. 

These  appendages  consist  of  hypoblastic  tissue,  and  as  th 
grow  into  the  surrounding  mesoblast  they  divide  and  subdivid 
until  at  last  they  come  to  consist  of  very  minute  tubules,  whici 
terminate  in  dilated  extremities.    The  undivided  canal  forms  thi 
permanent  trachea,  the  appendages  the  main   bronchi,    whili 
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their  minute  suhdivisioiis  are  the  brouchioles,  which  termiaate 
ID  the  dilated  alveoli. 

The  hypoblast  forms  the  delicate  lining  membrane  of  the  air- 
passages,  and  the  mesoblast  gives  rise  to  the  supporting  tissue 
holding  ihem  together,  as  well  as  to  the  bloodvessels,  the  muscu- 
lar, cartilaginous,  and  connective  tissue  of  the  bronchial  tubes. 

The  pleuroB  surrounding  the  lungs  are  like  the  other  serous 
membraDes,  also  mesoblastic  in  their  origin. 


Gentto-urinary  Apparatob. 

In  the  interval  between  the  protovertebrje  and  the  cleavage  of 
the  mesoblast  into  its  somatopleural  and  splanchnopleural  layers, 
there  appears  a  mass  of  cells,  which  arrange  tbeniseives  into  the 
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Transverse  section  through  the  embryo  of  a  chick  on  ihe  second  day  where 
the  medullary  canal  is  closed.  (KoUiker.) — mr.  Me<lullary  canal,  h.  Epi- 
blaat,  uu'A.  Cavity  of  protovertebra  we.  uny.  Wnlffian  duct.  mp.  Meso- 
blast dividing  into  hpt.  Bomatopleure.  ilf.  Splunchnopleure.  »^>.  Pleiiro- 
peritoneal  cavity,    dd.  Hypoblant.    eh.  Notochord. 

form  of  a  ridge.  This  ridge,  which  lies  beneath  the  epiblast, 
becomes  hollow,  and  ibus  a  tube  is  produced,  which  is  called  the 
Wolffian  duct. 

From  this  tube  diverticula  arise,  which  extend  into  the  sur- 
rounding mesoblast ;  tbej  are  tubular,  and  communicate  with  the 
central  duct,  whence  they  arise.  The  processes  become  twisted, 
and  at  their  extremities  the  neighboring  mesoblast  undergoes  dif- 
ferentiation, and  forms  vascular  capsules  corresponding  in  struc- 
ture to  the  Malpigbian  corpuscles.     This  part  of  the  Wolffian 

58 
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duct,  which  has  acquired  a  glandular  structure,  i«  the  Wo^fiOi 
body  or  primitive  kidney  of  the  embryo,  whiUt  the  Wolffiao  da 
corresponds  to  the  primitive  ureter.  I 

The  epithelium  lining  the  interval  bctwoen  the  somatopleuif 
and  eplanchnopleure  (pleuro-perituneal  cavity),  close  to  tbeiJ 
origin  from  the  uncleft  mesoblast,  becomes  colamnar  in  charvctat 


Section  of  the  inner  part  of  the  pleiiro-peritoaea]  cavity  through  tU 
origin  of  tlie  genilo-uriuary  organs.  (Waldeyer.)— Z,.  Somatopleure.  id 
Splnnobnopleure  a.  Germinal  epitlielium.  C,  o.  Primitive  ova,  £  \|j^nj 
blaat  forming  the  ovary.  WK.  Wolffian  body.  y.  Wolffian  duct.  a'.  l^J 
theliiim  giving  rise  to  the  duct  of  Miiller  a.  " 


It  receives  the  name  of  the  germinal  epilhelium.  An  involutioi 
of  this  takes  place  into  the  mesoblast,  just  below  the  soinatd 
pleure,  and  becomes  shut  ofi*,  and  forms  a  hollow  cylinder. 

By  this  means  a  second  duct  is  formed  in  close  relatiou  to  tb 
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first;  this  is  the  Milllerian  diid.     Tbia  duct  is  developed  from 
before  backwards. 

According  as  the  embryo  is  a  male  or  a  female,  so  one  or  other 
of  these  ducts  develops.     In  the  male  the  WolSian  duct  remains 


?■?«. 
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TranKverse  aection  through  the  lumbar  region  of  an  embryo  chick  at  the 
end  of  the  fourth  day.  (Foster  and  Balfour.)  — ir.fl.  Wolffian  ridge.  g.e. 
Germinal  epithelium.  A.O.  Dorsal  aorta,  M.  Mesentery.  SP.  Splaiu-h- 
nopleure.  d.  Alimentary  canal.  V.  Vesselit.  m.p.  Commencing  Mill- 
lerian duct.  Sn.  Somatopleure.  W.fc.  Wolffian  body.  H'.ii.  WollBan 
duct.  V.e.a.  Posterior  cardinal  vein.  c.h.  Nolochord.  .^.  ll'.C  Anterior 
white  column  of  spinal  cord.  a.r.  Anterior  root.  A.G.C.  Anterior  gray 
column,    p.r.  Posterior  root.    m.p.  Muscle  plate,    ne.  Canal  of  spinal  cord. 


as  the  vas  deferens,  and  the  Milllerian  duct  becomes  atrophied, 
lu  the  female,  on  the  other  hand,  the  Miillerian  duct  forms  the 
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Offrnns  for  the  conveysdce  of  the  ova  out  of  tho  body,  and  th 
Wolrtian  duct  is  representee]  by  a  rudimculary  structure  near  tb 
ovary. 

Part,  however,  of  the   Wolffian  duct  in  botb   acxta  develop 
similarly ;  thi«,  the  metancphrot,  curre8|>ODd8  to  that  part  of  tbf 


Fio.  279. 


Diagram  of  the  genital  orgnna  of  an  embryo  previous  to  sexual  distino' 
lion.  (Allen  Thomson.)— W.  Wolflittn  body.  3.  Ureter.  4.  Bladder.  5, 
Urachiu.  ^.  Genital  cord.  cp.  t'litorig,  or  penis,  m.  Mullerianduct.  •) 
Wolffian  duct.  t.  Intestine,  ug.  Urogenital  sinus,  el.  Cloaca.  U.  Pti{ 
from  which  the  scrotum  or  the  labia  majora  are  developed,  ot.  Origin  ol 
the  ovary  or  testicle  resi>cclivcly.  z.  Part  of  Wolffian  body  sabaeqaeoUv 
develo|iod  into  the  coni  vasculosi. 

duct  nearest  to  the  tail  end  of  the  embryo.  It  forms  part  of  tha 
uriuary  organs,  and  develops  into  the  permanent  ureter  and  thei 
kidney. 

From  the  metancphros  a  projection  arises,  which  grows  quickly, 
and  opens  into  the  cloaca ;  this  remains  as  the  ureter.     From  the 
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upper  part  of  the  ureter  arise  small  csM:al  evolutioDS,  which  be- 
come convoluted  at  certaiD  points  and  eurrouuded  by  megoblaat; 
these  canals  are  the  urinary  tubules,  and  at  the  extremity  of  each 
is  developed  a  tuft  of  vessels,  wbich  thus  forms  a  !Malpighiao 
corpuscle. 

The  straight  tubes  group  themselves  together  at  the  inner  part 
of  the  gland,  whilst  the  convoluted  tubules,  with  the  Malpigbiau 
corpuscles,  are  aggregated  at  the  periphery  of  the  gland. 

At  the  junction  of  the  ureter  to  the  glandular  mass,  changes 
take  place  by  which  this  tube  is  split  up  into  several  subdivisions, 
which  are  the  primary  calicea  of  the  kidney,  the  dilated  part  of 
the  ureter  forming  the  pelvis. 

The  testicle  arises  partly  from  the  germinal  epithelium  lining 
the  inner  extremity  of  the  pleuro- peritoneal  cavity,  lying  close  to 
the  gplanchnopleure,  and  partly  from  the  mesoblast  surrounding 
the  Wolffian  body. 

The  germinal  epithelium,  the  cells  of  which  are  not  so  well 
devoloped  as  in  the  female,  sends  processes  into  the  mesoblast, 
and  these  are  said  to  form  the  spermatic  cells,  the  mesoblast  be- 
coming diflerentiated  around  them  to  form  the  walls  of  the  tubuli 
semiuiferi. 

The  Wolffian  duct,  which  persists  as  the  vas  deferens,  aids  in 
forming  the  testicle,  the  epididymis  being  merely  a  convoluted 
part  of  it,  and  the  vas  aberrans  one  of  the  cwcal  tubes  in  con- 
nection with  the  duct.  The  coai  vasculosi  are  thought  to  be 
formed  from  some  of  the  tubules  of  the  Wolffian  body  ;  they  are 
counecled  to  the  testicle  by  means  of  a  tube  which  is  itself  split 
Dp  into  a  number  of  divisions  which  form  the  vasa  eSerentia. 

The  Wolffian  duct  forms,  besides  the  vas  deferens,  the  vesicula 
seminalis  (which  is  merely  a  blind  diverticulum  from  its  extrem- 
ity), aud  terminates  in  the  ejnculatory  duct. 

The  two  Mt'illerian  duels,  in  the  male,  join  and  form  a  single 
tube ;  this  is  not  further  developed,  but  atrophies,  leaving  as  its 
representative  the  sinus  pocularis,  which  is  situated  in  the  floor 
of  the  prostate.  The  upper  extremities  of  the  Miillerian  ducts 
form  the  hydatids  of  Morgagni. 

The  ovary,  like  the  testicle,  is  formed  from  the  germinal  epithe- 


I  otgaatof  the  male  embryo.  (Allen  Tbomaoo.) 

S.  Vrtur.     i-  Bladder.    5.  Unrlii».     L  Testicle,    m.  .\trophie<i  duct 
Mailer  (krilalal  oi  Morfra^i).    t.  Epididymu.    g.  Oiihemaculum  (est 
c*.  Veaiooto  Mniaali*.    i.  Intestine,    pr.  Prwuie.     !('■  Organ  of  GinUd< 
•A.  Vm  abemML    «rf.  Va»  dererens.     C.  Cowper's  gland,     ep.  Penis,     m. 
SpMgy  pait  of  the  arethra.    t'.  Poaition  the  testicle  ultimately  asaumes. 
ik  ScroCina.  

germinal  epithelium,  and  iu  glronia  gpriugs  from  the  mesobrait 
in  the  neighborhood  of  the  Wolffiau  body. 

The  ducU  of  Mtiller  are  the  preouraora  of  the  female  genital 
passages.  They  approach  oue  another  and  unite  along  a  certain 
disuuce  at  their  lower  extremilies.  Of  thix  united  part,  the  upper 
end  forms  the  uteru.s,  and  the  lowpr  tlio  vHjfiua.  whilst  the  un- 
united part*  of  the  Miillerian  duct*  form  the  Fallopian  tubes. 
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which  become  connected  to  the  ovaries,  whilst  their  cavities  re- 
maiD  continuous  with  the  pleuro-peritoneat  space. 

In  the  female  the  Wolffian  duct  and  body  atrophy,  the  paro- 
varium being  in  the  adult  the  representative  of  the  Wolffian 
body. 

The  bladder  is  merely  a  dilated  portion  of  that  part  of  the 
allautois  which  ia  in  immediate  connection  with  the  alimentary 
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Diagram  of  the  sexual  organs  o(  a  Cenualu  umbryo.  (Allen  Thomson.) — 
/.  Fimbriated  extremity  of  tlie  left  Fallopian  tube.  W.  Remains  of  the 
Wolffian  tube*,  g.  Round  ligaments,  o.  Ovary,  po.  Parovarium,  it. 
Uterus.  dO.  Remains  of  Wolffian  duct,  or  duct  of  Oaertner,  m.  Right 
Fallopian  tube  cut  short,  w.  Riglit  obliterated  Wolffian  duct.  va.  Vagina. 
3.  Ureter.  4.  Bladder.  5.  Uraclius.  A.  Inferior  opening  of  vagina.  C. 
(ilnnd  of  Bartholin.  i>.  Vulva.  *&  Vascular  bulb,  ec  Clitoria.  n.  Nympha. 
'.  Labium,    t.  Rectum. 


canal,  and  the  urachus  is  the  narrowed  part  of  the  allantoia  con- 
necting the  bladder  to  the  remainder  of  the  allantois  which  is 
without  the  body  walls  of  the  fcetus. 

While  the  alimentary  canal  is  iti  connection  with  the  allantois, 
the  intestinal  and  genito-urinary  passages  open  into  a  common 
cavity  at  their  termination ;  this  is  the  cloaca,  and  it  is  in  the 
further  development  of  the  embryo  that  a  septum  arises,  dividing 
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this  iuto  au  alimeutary  or  anal  portion,  aud  an  anterior  or  urinuf 
portion.  The  septum,  dividing  the  urogeuitary  from  ihe  alimeo- 
tary  portion  of  the  cloaca,  forms,  externally,  the  periuieum. 

At  the  aperture  of  the  cloaca  an  eminence  arises  which  develops 
into  the  penis  in  the  male,  the  clitoris  in  the  female.  Around 
this  eminence  is  a  fold  of  integuments,  which  forms  the  labia  ia 
the  female,  the  scrotum  in  the  male. 

In  the  female  this  integumentary  covering  enlarges  much  more 
than  the  clitoris,  and  covers  it  in,  the  urethral  orifice  opening 
just  below  the  clitoris. 

In  the  male  the  urethral  orifice  at  first  opens  at  the  base  of  the 
penis,  but  eventually  a  groove  is  formed  on  the  under  surface  of 
this  organ,  which  becomes  converted  into  a  canal,  and  forma  the 
urethra. 

Blood-Vabcular  System. 

In  the  mammalian  embryo  this  may  be  appropriately  divided 
into  two  systems  of  diflercut  dates ;  the  first,  or  early  circulation, 
which  is  confined  to  the  yolk  bhc  ;  and  the  second,  or  later  circu- 
lation, which  passes  through  the  placenta. 

The  Primitive  Heart  arises  from  the  splanchnoplcural  layer  of 
the  mcsoblast,  just  at  the  point  where  this  forms  the  under  wall 
of  the  forepart  of  the  alimentary  canal.  When  the  formation  of 
the  folds  of  the  embryo  was  described,  it  was  stated  that  the  groove 
of  the  cephalic  fold  tended  to  grow  backwards  towards  the  tail 
end  of  the  embryo.  This  groove  is  limited  behind  by  the  somato- 
pleural layer  of  the  raesoblast,  and  posteriorly  to  this  is  a  cavity 
formed  by  the  cleavage  of  the  raesoblast,  called  the  pleuroperi- 
toneal  cavity.  lu  the  early  stages  of  development,  the  posterior 
wall  of  this  small  cavity  is  formed  by  the  splanchnoplcural  layer 
of  the  raesoblast.  The  heart  arises  at  the  point  at  which  the 
splancbnopleure  tends  to  travel  forwards  to  meet  the  uncleft  me- 
soblnst,  and  thus  completes  the  pleuro-peritoneal  cavity. 

The  heart  consists  at  first  of  a  single  cylinder,  which,  in  the 
human  embryo,  probably  is  formed  by  the  coalescence  of  two  pri- 
mary tubes.  At  first  it  has  no  distinct  cavity,  but  soon  the  cells 
of  the  mesoblost  within  the  mass  forming  the  heart  become  trans- 
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formed  into  blood  corpuscleiii,  and  thas  it  is  hollowed  out.  A  layer 
of  eniiothelial  cells  lines  the  cavity,  and  becomes  the  endocardium. 

The  primitive  heart  is  connected  at  its  upper  cod  with  the  two 
aortfe,  and  at  its  lower  end  wilh  the  ouijihaio-mesenleric  veins. 

After  a  time  the  tube  shows  signs  of  division  into  three  parts  ; 
the  upper  jiart  becomes  the  aortic  bulb,  nest  to  which  is  formed 
the  cavity  of  the  ventricle,  coutinuoua  with  which  is  the  auricular 
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Trannverse  secliim  llinmgli  the  region  of  tlie  heart  of  a  rabbit's  embryo 
of  nine  diivK  old.  (Kolliker.j—j/.  Jugular  veins,  on.  Aorta,  yh.  Fore-gul. 
6/.  Blastoderm,  hp.  liody  wall  rellerlcd  in  «(.  m/.  Flvpoblajtl.  «'.  Prv- 
longatiun  of  hy|K)lilti«t  between  ttie  two  halyesof  the  heart.  oA.  Outer  wall 
of  the  heart,  p.  Cavity  of  the  pericardium,  lA.  Inner  lining  of  the  heart. 
act.  Epiblast.     dj.  Visceral  mesoblast. 

space.    The  tube  also,  which  at  first  lies  in  a  straight  line,  now  ' 
becomes  twisted  on  itself,  the  auricular  part  becoming  posterior 
and  superior,  whilst  the  ventricle,  with  the  aortic  bulb,  remains 
anterior  and  somewhat  below. 

Each  primitive  cavity  of  the  heart  is  divided  into  two  by  the 
gradual  growth  of  partitions,  and  thus  the  four  permanent  heart 
cavitiea  are  developed. 

Externally  a  notch  shotro  the  division  of  the  ventricle  into 
right  and  left  cavities,  whilst  from  the  inside  of  the  right  wall 
there  grows  a  projection  which  subdivides  the  ventricle  internally. 
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This  septum  is,  however,  not  at  once  complete  at  its  upper  part,  a 
cummuDicalioQ  between  the  right  and  left  sides  of  the  heart  re- 
maining for  some  time  above  this  partition.     With  the  growth  of 
the  inter-ventricular  septum,  tlie  external   notch   becomes  le 
prominent,  but  it  is  less  permaueutly  recoguizable  as  the  inter>l 
ventricular  groove. 

In  the  auricles  a  fold  develops  from  the  anterior  wall,  which 
ultimately  unites  with  a  process  of  later  development  from  the 
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Diagrammalic  views  of  the  under  purlace  of  an  embryo  rabbit  of  nine 
days  and  three  hours  old,  showing  the  development  of  the  heart.  (Allen 
ThouHon.) — A.  View  of  entire  embryo.  B.  An  eiilarge<l  outline  of  the 
heart  of  A.  C.  A  later  stage  of  the  devulopmeot  of  B.  A  A.  Ununited 
heart,    a  a.  Aort»e.     V  V.  Vitelline  veins. 


posterior  wall.  This  septum  is  not  complete  during  fcetal  life, 
but  is  interrupted  by  an  opening  leading  from  one  auricle  to  the 
other,  called  the  foramen  ovale. 


DEVELOPMENT  OF  THE   HEART. 


Siinultaueouslj'  with  the  appearauce  of  the  posterior  process  of 
the  Beptum,  another  fold  arises,  which  is  placed  at  the  mouth  of 
the  inferior  vena  cava,  and  forms  the  Eustachian  valve. 

The  aortic  bulb  likewise,  by  a  projection  from  the  inner  wall 
of  the  cavity,  becomes  divided  into  two  canals,  the  anterior  of 
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Fio.  284. — Developmeot  of  the  heart  in  the  human  embryo,  from  the 
fourth  to  tliG  sixth  week. — A.  Kmhryo  of  four  weekH.  (Kollikcr  after  Coete.) 
B.  .4iileriur,  and  C.  posterior  views  ufHie  heart  of  an  embryo  of  six  week 
(Kolliker  after  Ecker.)  a.  Upper  limit  of  buccal  cavity.  6.  Buccal  cavity.' 
e.  Lies  between  the  ventral  ends  of  the  second  and  thinl  branchial  arche 
d.  Buds  of  upper  limbs,  f.  Liver.  /.  Intestine,  1.  Superior  vena  cava. 
1'.  Left  fliiperior  vena  cava  or  connection  between  the  left  brachio-cephal ic 
vein  and  the  coronary  vein.  I".  Opcninj;  of  inferior  vena  cava.  2,  2'. 
Kight  and  left  auricles.     3.  3'.  Right  and  left  ventricles.     4.  Aortic  bulb. 

■  Fio.  285. — Hura-in  embryo  of  about  three  weeks.  (Allen  Thomson.) — 
ur.  Yolk  sac.  u/.  AUantois.  am.  Amnion,  ae.  Anterior  extremity,  pt. 
Posterior  extremity. 

which  remains  in  continuity  with  the  right  ventricle,  and  the  pos- 
terior canal  is  continuous  with  the  left  ventricle.     The  anterior 
thus  becomes  the  pulmonary  artery,  and  the  posterior  the  perma- 
nent aorta. 
^        TT)e  primitive  elmUaiions  of  a  human  embryo  may  be  divided 
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ioto  two,  which  difler  in  their  time  of  appearance  and  in  the  sc- 
oeasory  orgaos  to  which  they  are  distributed.  Though  they  may, 
for  the  sake  of  clearoeas,  be  described  as  two  inJepeodenl  circu- 
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I  of  the  circulation  of  a  chick  at  the  vnA  of  tlic  thinl  <\tiy.  (Pouter" 
and  Balfour  ) — //.  Heart.  A  A.  Aortlcarclie8('2d,  M,  niij  4th).  Ao.  Dor- 
sal aorta.  L.o/A.,  R.u/A.  Right  and  left  omphnlo-tiiexentcric  arteries. 
8.T.  Sinus  termiimliH.  R.of,  and  L.oJ.  Right  and  ieft  omphnlo-nieseoteric 
veinfl.  S.V.  Sinus  venosus.  D.C.  Duct  of  Cuvier.  S.Ca.and  V.Oa.  Supe- 
rior and  inferior  curdinal  veins. 


latioDS,  they  are  not  Btrictly  so,  as  they  exist  for  a  short  time 
coiucidenlly,  and  arise  iu  connectiou  with  one  another  froiu  the 
same  heart. 

(a)  The  earlier  or  vUeUine  circulation  is  that  which  is  directed 
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to  the  yolk  sac,  the  embryo  obtaining  nourishment  from  the 
TJlellua  or  yolk;  this  is,  however,  an  organ  of  quite  secondary 
importance  in  the  mamraaliati  embryo,  and  hence  this  circulation 
may  be  better  studied  in  some  such  animal  as  the  chick,  which 
depends,  throughout  its  embryonic  life,  on  the  vitellus  for  nourish- 
ment. In  the  humau  embryo  the  vitelline  circulation  is  chiefly 
of  importance  for  the  few  days  immediately  preceding  the  devel- 
opment of  the  placental  circulation. 

The  aortic  bulb  is  continuous  with  two  vessels  which  run  on 
either  side  of  the  primitive  pharynx ;  these  are  the  aortre,  and 
from  each  of  them  a  large  branch  is  given  off.  These  omphalo- 
mesenteric arteries  pass  to  the  yolk  sac,  and  there  become  split 
up  into  a  number  of  small  vessels,  the  blood  from  them  being  re- 
turned partly  by  corresponding  omphalo-mesenteric  veins,  partly 
by  a  large  vein  running  round  the  periphery  of  the  vascular  area 
known  as  the  sinits  (erminalk.  The  sinus  terminalis  opens  partly 
into  the  right  and  partly  into  the  left  omphalo-raesenteric  veins, 
theomphalo-meseuteric  veins  themselves  subsequently  uniting  into 
a  common  venous  trunk,  called  the  sinus  venosus,  which  is  con- 
tinuous with  the  primitive  auricle. 

This  vitelline  circulation  in  the  human  emhryo  persists  but  a 
short  time.  After  the  fifth  or  sixth  week  of  fu'tal  life  it  becomes 
obliterated,  the  yolk  then  beiug  atrophied,  and  the  placental  cir- 
culation well  developed. 

(6)  The  later,  or  placental  circulation,  is  developed  in  the  raeso- 
blastic  layer  of  the  allautois,  especially  in  that  part  which  is  in 
relation  with  the  decidua  serotina.  The  allantoic,  when  fully  de- 
veloped, extends  to  the  chorion,  over  which  it  spreads,  sending  in 
processes  to  occupy  the  villi.  These  chorionic  villi  are  imbedded 
in  the  decidua  of  the  uterus,  and  are  especially  developed  at  the 
upper  part,  which  is  in  connection  with  the  decidua  serotina  or 
maternal  placenta. 

The  primitive  aortie,  which  were  at  first  two  separate  tubes,  be-J 
come  uuited  in  the  dorsal  region  of  the  embryo,  so  that  the  two 
aortic  arches  end  iu  a  single  vessel,  which  extends  to  the  middle 
of  the  embryo,  and  there  divides  into  two  branches,  each  of  which 
gives  off  a  vessel  called  the  vitelline  or  omphalo-mesenteric  artery. 
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this  iuto  an  alinientnry  or  anal  portion,  and  an  anterior  or  urinary 
portion.  The  septum,  dividing  the  urogenitary  from  the  alimen- 
tary portion  of  the  cloaca,  forms,  externally,  the  perinieum. 

At  the  aperture  of  the  cloaca  an  eminence  arises  which  develops' 
into  the  penis  in  the  male,  the  clitoris  in  the  female.  Around 
this  eminence  is  a  fold  of  integuments,  which  forms  the  labia  io 
the  female,  the  scrotum  in  the  male. 

In  the  female  this  integumentary  covering  enlarges  much  more 
than  the  clitoris,  and  covers  it  io,  the  urethral  orifice  openiti^^| 
just  below  the  clitoris.  ^^ 

In  the  male  the  urethral  orifice  at  first  opens  at  the  base  of  the 
penis,  but  eventually  a  groove  is  formed  on  the  under  surface  of 
this  organ,  which  becomes  coaverted  into  a  canal,  and  forms  the, 
urethra. 

Blood-Vascular  System. 


In  the  mammalian  embryo  this  may  be  appropriately  divid 
into  two  systems  of  different  dates ;  the  first,  or  early  circulation, 
which  is  confined  to  the  yolk  sac ;  and  the  second,  or  later  circu- 
lation,  which  passes  through  the  placenta. 

The  Primitive  Heart  arises  from  the  splanchnopleural  layer  o! 
the  mesoblast,  just  at  the  point  where  this  forms  the  under  wall 
of  the  forepart  of  the  alimentary  canal.  When  the  formation  of 
the  folds  of  the  embryo  was  described,  it  was  stated  that  the  groove 
of  the  cephalic  fold  tended  to  grow  backwards  towards  the  tail 
end  of  the  embryo.  This  groove  is  limited  behiml  by  the  somato- 
pleural layer  of  the  mesoblast,  and  posteriorly  to  this  is  a  cavity 
formed  by  the  cleavage  of  the  mesoblast,  called  the  pleuroperi- 
toueal  cavity.  In  the  early  stages  of  development,  the  posterior 
wall  of  this  small  cavity  is  formed  by  the  splanchnopleural  layer 
of  the  mesoblast.  The  heart  arises  at  the  point  at  which  th( 
splanchnopletire  tends  to  travel  forwards  to  meet  the  uncleft  mi 
soblast,  and  thus  completes  the  pleuro-peritoneal  cavity. 

The  heart  consists  at  first  of  a  single  cylinder,  which,  in  th 
human  embryo,  probably  is  formed  by  the  coalescence  of  two  pri- 
mary tubes.     At  first  it  has  no  distinct  cavity,  but  soon  the  cella 
of  the  mesoblast  within  the  mass  forming  the  heart  become  ti 
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After  a  time  the  right  umbilical  and  right  oraphalo-raesenteric 
veins  disappear,  whilst  from  the  trunk  formed  by  the  juuctiou  of 
the  left  umbilical  and  left  ompbalo-mescDteric  veins,  branchea 
are  given  off  to  the  liver  (the  veme  advehenlei),  and  at  a  point 
nearer  the  heart,  vessels  are  received  from  the  liver  (the  vena 
revehetUes). 

To  the  part  of  the  vessel  intervening  between  the  origin  of  the 
vense  advehentea  and  the  entrance  of  the  vense  revehentes  is  given 
the  name  of  the  ductus  venomtg. 

Thus  it  may  be  seen  that  in  th«  placental  circulation,  the  blood 
is  conveyed  from  the  aorta,  by  the  umbilical  arteries,  to  the  festal 
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Diagram  of  the  heart  and  principal  arteries  of  the  chick.  (Allen  Thom- 
§on.)  B.  and  care  later  than  A. — 1,1.  Oniphalo-mesenleric  vein*.  2.  An- 
riele.  3.  Ventricle.  4.  Aortic  bulb.  5,  6.  Primitive  aorts,  6,  8.  Om- 
phalo-mesenteric  arteries.     A.  United  aorta. 

placenta,  and  here  it  undergoes  changes,  owing  to  its  close  rela- 
tionship to  the  maternal  blood.  From  the  placenta  it  is  returned 
by  the  umbilical  vein,  which  sends  a  part  through  the  liver  and 
a  part  direct  to  the  heart.  The  more  minute  details  of  foetal  cir- 
culation will  be  described  later  on. 
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27ie  Arterial  Syttem. — Around  the  pharyiuc  are  developed  five 
pairs  of  aortic  arches.  These  commeoce  aoteriorly  from  the  two 
primitive  aorta<,  and,  passing  along  the  side  of  the  pharynx,  end 
ID  the  aortw  as  they  descend  to  become  united  iu  the  dorsal  r^ion 


Fio.  289. 


Di^gtmin  of  the  aortic  arclies ;  the  permanent  vessels  arising;  from  them 
are  shaded  darkly.  (Allen  Thoniiton  afierRathke.) — 1,2,3,4,5.  Primitive 
aortic  arches  of  right  side.  i.  ii.  iii.  tv.  Pharyngeal  clefts  of  the  left  side, 
showing  the  relationship  of  the  clefts  to  the  aortic  arches.  A,  Aorta.  P. 
Pulmonary  artery,  d.  Ductus  arteriosus,  a'.  Left  aortic  root.  a.  Right 
aortic  root.  ^4'.  l>e8cendingaorta.  ;>n.  pn.' Right  and  left  vagi.  «.»'.  Right 
and  left  suliclavian  arteries,  r.v'.  Right  and  left  vertebral  arteries,  r. 
Common  carotid  arteries,  ee.  External  carotid,  ei.  ri'.  Right  and  left  io- 
temal  carotid. 


of  the  embryo.  The  points  of  origin  of  the  arches  are  termed 
their  anterior  roots,  and  the  points  of  termination  their  posterior 
roots. 

Though  all  these  arches  do  not  exist  at  the  same  time,  still,  in 
describing  the  vessels  whirh  arise  from  them,  they  may  be  con- 
veniently considered  together. 

On  the  right  side  the  fifth  arch  disappears  completely.    On  the 
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lefl  side  the  anterior  root  and  neighboring  part  of  the  fxfih  arch 
are  transformed  into  the  pulmonary  artery ;  the  remaining  part 
of  this  arch  continues  as  the  diicUis  arteriosus,  which  connects  the 
pulmonary  artery  with  the  perniaoent  aorta. 

The  fourth  left  arch,  in  mammalia,  becomes  the  permaoent 
aorta.  At  the  junction  of  the  fourth  and  fifth  left  posterior 
roots  the  left  subclaviau  artery  is  given  off.  In  birds  the  right 
fourth  arch  is  transformed  into  the  permanent  aorta ;  and  in  ex- 
amining the  development  of  the  aortic  arch  of  the  chick,  it  must 
be  borne  in  mind  that  it  is  on  the  opposite  side  to  that  it  occupies  in 
man. 

On  the  right  side  the  anterior  root  of  the  fourth  arch,  and  the 
part  of  the  aortic  trunk  leading  to  it,  persists  as  the  innominate 
artery,  the  fourth  arch  being  represented  by  the  right  subclavian 
artery. 

The  part  of  the  primitive  aortic  trunk  joining  the  fourth  and 
third  right  anterior  roots  becomes  the  common  carotid  artery  of 
the  same  side,  whilst  arising  from  this  is  the  internal  carotid, 
■which,  taking  the  position  of  the  third  arch,  passes  to  the  poste- 
rior roots,  and  occupies  the  trunk  of  the  primitive  aorta  from  the 
third  to  the  first  arches. 

The  external  carotid,  arising  from  the  common  carotid  at  the 
third  anterior  root,  occupies  the  position  of  the  vessel  joining  this 
root  to  those  of  the  second  and  first  arch. 

On  the  left  side  the  common  carotid  and  its  branches  are  de- 
veloped similarly  to  those  on  the  right,  the  only  difference  being 
that  the  common  carotid  arises  from  the  aorta  and  not  from  the 
innominate. 

The  iliac  arteries  are  developed  from  the  hypogastric.  At 
first  they  appear  as  branches,  but  with  the  growth  of  the  limbs 
they  become  so  much  larger  that  after  birth  they  appear  to  be 
the  main  branches  from  the  point  of  division  of  the  aorta,  the 
hypogastric  arteries  now  being  merely  small  branches  of  the  iliac 
vessels. 

With  the  development  of  the  organs  and  limbe,  vessels  iu  con- 
nection with  those  above  described  arise  in  the  mesoblast.    It  is, 
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A.  Pl»n  of  principal  veins  of  the  fcetus  of  about  four  weeks  old.  B.  Vein* 
of  the  liver  nt  an  earlier  period.  C.  Veins  after  the  establishment  of  the 
placental  circulation.  D.  Veins  of  the  liver  at  the  same  period.— j.  Primi- 
tive jugular  veins.  <lc.  Ducts  of  Cuvier.  rti.  Cardinal  veins,  ei.  Inferior 
vena  cavo.  /.  Ductus  venosus.  u.  Umbilical  vein.  p.  Portal  vein.  o. 
Vitelline  vein.  er.  External  iliac  veins,  o'.  Right  vitelline  vein,  u'. 
Right  umbilical  vein.  I'.  Hepatic  veins  (vents  revehentes).  p'p'.  Ven» 
advehentes.  m.  Mesenteric  veins,  m,  As/gos  vein.  oa'.  Remains  of  left 
cardinal  vein.  <.  .Subclavian  vein.  /■'.  Cross  branch  from  left  jugular  which 
beoomea  the  left  branchio-cephalic  vein.  7-('.  Right  innominate  vein.  aji. 
,  Subclavian  veins.  A.  Hypogastric  veins.  i7.  Division  of  inferior  vena  cava 
Dto  the  common  iliac  veins. 
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however,  beyond  the  scope  of  thia  work  to  describe  in  detail  the 
origin  of  the  lesser  vessels. 

Venous  System. — The  blood  is  returned  from  the  head  by  the 
two  primilive  Jugulars,  which  unite  with  the  cardinal  veins  con- 
veying the  bloud  from  the  trunk  and  lower  extremities  to  form  a 
vessel  on  each  side,  called  the  dtcct  of  Cuvier. 

From  the  lower  extremity  of  the  embryo  the  inferior  vena  cava 
commences  by  the  union  of  the  external  iliac  veins  ;  this  passes  up 
and  opens  into  the  venous  trunk  common  to  the  left  vitelline  and 
left  umbilical  veins. 

The  left  vitellioo  becomes  continuous  with  the  vessels  from  the 
common  trunk  going  to  the  right  side  of  the  liver  (the  right  vena 
advehens),  and  forms  the  main  trunk  of  the  portal  vein  {v.  Fig. 
290,  B.  &  D.). 

A  t  this  stage  of  the  formation  of  the  Veins  there  are  three  trunks 
opening  into  the  auricle,  the  right  aud  loft  ducts  of  Cuvier  and 
the  inferior  vena  cava. 

As  development  proceeds,  the  lower  parts  of  the  cardinal  veins 
join  the  external  iliac  veins,  forming  the  common  iliacs,  and  ao 
return  their  blood  into  tlie  inferior  vena  cava. 

The  upper  parts  of  the  cardinal  veins  become  continuous  with 
the  posterior  vertebral  veins  which  convey  the  blood  from  the 
parietes  of  the  embryo.  Between  the  latter  a  communicating 
branch  is  established,  which  helps  in  the  formation  of  the  azygos 
vein. 

The  ducts  of  Cuvier,  which  at  first  were  placed  almost  at  right 
angles  to  the  auricle,  become  more  oblique  in  their  direction  as 
the  heart  descends. 

Between  the  primitive  jugular  veins  a  cross  branch  is  developed, 
which  conveys  the  blood  from  the  left  side  of  the  head  and  upper 
extremity  to  the  duct  of  Cuvier  of  the  opposite  side. 

The  left  duct  of  Cuvier,  below  the  communicating  branch, 
atrophies  and  forms  part  of  the  coronary  veins  of  the  heart ; 
the  connection  between  this  and  the  vein  above  the  cross  branch 
being,  in  the  adult,  represented  by  a  small  vein,  or  a  band  of 
fibrous  tissue,  called  the  vestigial  fold  of  the  pericardium. 

The  cross  branch  from  the  left  to  the  right  jugular  becomes  the 
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left  iniiomiuate  vein.  Tlie  right  dnct  of  Ciivier  and  the  ngi 
jugular  below  the  eutmnce  of  this  cross  branch,  forms  the  supe- 
rior vena  cava ;  whilst  the  part  of  the  right  primitive  jugular 
immediately  above  the  entry  of  the  left  inDominate  veio,  forms 
the  right  innominate  vein. 

The  posterior  vertebral  vein  of  the  right  side  forms  the  vena 
azygos  rasjor;  the  corresponding  branch  of  the  opposite  side, 
together  with  the  part  of  the  left  primitive  jugular  below  the 
oroas  branch,  forms  the  left  superior  intercostal  vein  and  the  supe- 
rior vena  azygos  minor.  The  lower  part  of  the  left  posterior 
vertebral  vein,  together  with  the  connecting  branch  to  the  right 
vein,  remain  as  the  inferior  vena  azygos  minor. 

Foetal  Circulation. — The  course  taken  by  the  blood  through 
the  heart  and  vessels  of  the  embryo  differs  essentially  from  that 
which  persists  in  adult  life. 

Tracing  the  blood  from  the  placenta,  it  passes  along  the  um- 
bilical vein  towards  the  liver,  here  it  may  take  either  of  two  coursea 
to  reach  the  vena  cava,  one  which  follows  the  ductus  venosus  and 
avoids  the  liver,  the  other  which  passes  by  the  venae  advebentea 
(portal  veins)  to  the  liver,  and  proceeds  by  the  vense  reveheotes 
(hepatic  veins)  to  the  inferior  venacava,  which  receives  all  the  blood 
passing  by  both  of  these  channels.  From  this  the  blood  is  emptied 
into  the  right  auricle,  and  hence  is  guided  by  the  Eustachian 
valve  through  the  septum  by  the  patent  foramen  ovale  to  the  left 
auricle.  From  the  left  auricle  it  passes  to  the  left  ventricle, 
which  contracts  and  sends  the  blood  into  the  aortic  arch,  where  it 
it)  split  up  into  two  streams,  one  of  which  passes  into  the  vessels 
of  the  bead  and  neck,  the  other  by  the  descending  aorta  to  the 
trunk  and  lower  extremities. 

Tlie  blood  from  the  head  and  neck  is  returned  to  the  right 
auricle  by  the  superior  vena  cava.  The  blood  from  this  vein 
pa-ssps  through  the  auricle  to  the  right  ventricle,  which  sends  it 
through  the  pulmonary  artery  towards  the  lungs. 

The  pulmonary  artery,  however,  in  the  embryo,  has  one  very 
large  branch,  called  the  ductus  arteriosus,  which  joins  the  aorta 
at  a  point  just  below  the  origin  of  the  vessels  of  the  head  and 
neck ;  hence  the  main  part  of  the  blood  pasi^ing  from  the  right 
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Diagram  illiislrnting  the  circulation  thnnigli  the  heart  and  the  principal 
vefselH  of  a  rmlux.  (Cleland.)— a.  t'rubilital  vein.  b.  Ductus  veooeiis.  /. 
Portal  vein.  e.  VeseeU  to  tlie  viscera,  d.  Hypogastric  arteries,  c.  Ductus 
arteriosus. 


The  blood  from  the  ductus  arteriosus  blends,  therefore,  with 
that  in  the  aorta  which  ia  passing  to  the  viscera  and  lower  ex- 
tremities.   The  main  part  of  this  blood  travels  bj  two  large 
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btBociics  of  tke  ■orta  (tlie  bypo^iCrie  uteriei)  to  the  pUoeata« 
where  it  it  aefmled  and  parified,  cIcl 

It  is  eridcat,  thm.  that,  m  the  plaMBta  ■  the  gnat  naovBtiag 
oi^gEB  of  the  blood  of  the  ABtai»  the  blood  in  die  nmbilical 
TWB  ■  the  aoit  arterial  in  tbe  fiscal  cimlatioD.  The  blood  in 
the  aioeodiog  Tena  cava  and  firat  part  of  the  aorta  is  iikewiae 
fiurljr  arterial,  bat  the  blond  ia  tbe  deaoeoding  aoru  is  of  a  mixed 
character,  aa  it  oootatos  blood  which  has  Doarished  the  head  and 
aeek,  beridei  blood  which  has  come  from  the  placeota  bj  the 
inferior  Tma  cava  through  the  right  auricle,  foramen  ovale,  left 
auricle,  atid  left  ventricle. 

A«  the  ftetal  lungs  are  not  called  into  play  until  after  birth, 
but  little  blood  paaaes  to  them  in  the  fcetus  ;  this  state  of  things 
is,  however,  completely  altered  at  birth,  when  the  lungs  of  the 
child  expand,  the  pulmonary  arteries  increase  in  size,  and  the 
ductus  arteriosus  dwindles  in  a  corresponding  degree. 

The  liver,  which  in  the  fcetus  is  of  relatively  greater  size  than 
in  the  adult,  receives  much  blood  coming  from  the  placenta  to 
the  heart,  and  is  thought  to  contribute  to  it  several  essential  con- 
stituents. 

The  head  and  brain,  which  are  largely  developed  in  the  foetus, 
receive  well-aerated  blood,  namely,  the  placenta!  blood,  which 
has  passed  through  the  liver,  aud,  in  the  inferior  vena  cava,  is 
mixo<l  with  blood  coming  from  the  lower  limbs.  The  rest  of  tbe 
foBtui  receives  blood  that  is  less  well  aerated,  as  it  is  mixed  with 
that  which  is  ruMiracd  from  the  head  and  neck  to  the  right  side 
of  the  hi>nrt,  nml  which  is  sent  through  tbe  ductus  arteriosus  to 
jtiiii  the  goiicritl  blood  current  in  the  aorta  going  to  the  viscera 
and  lower  extremities. 


Development  of  the  Eye. 

The  optic  vanolas  arlM  ttom  the  anterior  cerebral  vesicle  at  a 
very  early  period,  and  their  cavities  are  continuous  with  that  of 
the  foro-braiu.  With  the  development  of  the  rudimentary  cerebral 
hemispheres  tho  optic  vcsicios  b«como  displaced  downwards,  and 
their  cavities  o|>«n  into  tlie  junction  of  tbe  cavities  of  the  cerebral 
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hemispheres  and  that  of  the  thalainencephalon,  which  becomes 
the  third  ventricle.  Later,  the  optic  vesicles  open  directly  into 
the  third  ventricle,  and  finally  are  displaced  backwards,  and 
come  into  connection  with  the  mid-brain. 

The  optic  vesicles  are  at  first  hollow  prolongations,  which  con- 
siat  of  an  anterior  dilated  portion,  forming  the  primary  optic 
vesicle,  and  a  posterior  tubular  portioa  or  stalk  joining  the  vesicle 
to  the  fore-brain.     This  stalk  forms  the  optic  nerve. 

As  each  vesicle  gruws  forwards  towards  the  epiblast  covering 
the  head  of  the  embryo,  the  epiblastic  cells  at  the  spot  overlying 
the  vesicle  become  thickened,  and  an  involution  of  the  epiblast 
takes  place  towards  the  optic  vesicle,  and  indents  the  latter, 
approximating  its  anterior  to  its  posterior  wall. 

By  this  means  the  anterior  and  posterior  walls  of  the  primary 
optic  vesicle  come  into  close  contact,  and  the  cavity  of  the  vesicle 
m  obliterated.  The  two  layers  of  the  vesicle  are  now  cup-shaped, 
and  receive  the  name  of  the  secondary  optic  vesicle  or  the  optic 
cup.  This  ultimately  becomes  the  retina,  and  the  optic  stalk 
losing  its  cavity  is  transformed  into  the  optic  nerve. 

Meanwhile,  the  local  involution  of  the  epiblast  over  the  optic 
cup,  which  is  the  rudiment  of  the  crystalline  lens,  becomes  grad- 
ually separated  from  the  geueral  epiblast  giving  origin  to  it,  and 
is  finally  detached  from  its  point  of  origin.  It  now  lies  as  a 
somewhat  spherical  body  in  the  cavity  of  the  optic  cup  within 
the  superficial  mesoblast,  which  has  closed  over  it. 

The  secoudary  optic  vesicle  grows  (except  at  its  lower  part, 
just  at  the  junction  of  the  optic  stalk),  so  as  to  deepen  the  optic 
cup,  which  coutaius  the  rudimeatary  lens.  At  the  lower  part 
an  interval  is  left,  which  receives  the  name  of  the  choroidal  fissure. 
Through  this  gap  in  the  secoudary  optic  vesicle  the  meaoblost 
enters  and  separates  the  leus  from  the  optic  cup,  and  forms  the 
vitreous  humor. 

The  mesoblast  surrounding  the  optic  cup  develops  two  cover- 
ings of  the  eye,  an  outer  fibrous  capsule  called  the  sclerotic  coat, 
and  a  vascular  coat,  the  choroid,  which  lies  in  contact  with  the 
outer  layer  of  the  optic  cup. 

In  front  of  the  lens,  beneath  the  epiblast,  the  mesoblast  forms 
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the  corneal  tissue  proper.  The  epiblast  forms  the  epithelial  or 
coDJunctival  covering  of  the  eyeball. 

The  iDTolution  of  mesoblast  through  the  choroidal  fissare, 
which  forms  the  vitreous  humor,  indents  the  optic  stalk,  and 
forms  the  central  artery  of  the  retina.  The  choroidal  fissure  is 
gradually  obliterated,  and  its  position  may  sometimes  be  marked 
by  a  permanent  fissure  in  the  iris  (colobonia  iridig). 

The  rudimentary  lens  is  a  spherical  body,  hollow  in  the  centre, 
made  up  of  an  anterior  and  posterior  wall,  each  of  which  is  formed 

Fio.  292. 


Section  through  the  head  of  a  chick  at  the  third  day,  showinf;  the  origin 
of  the  lens. — a.  Epiblast  tliiokened  at  e,  which  is  the  point  of  origin  of  the 
lens.  0.  Optic  vesicle.  V,.  Anterior  cerebral  vesicle.  F^.  Posterior 
cerebral  vesicle. 


of  columnar  cells.  The  posterior  wall  of  the  lens  increases 
greatly  in  thickness,  and  approaching  the  anterior  wall  obliter- 
ates the  original  cavily  of  the  lens. 

The  cells  forming  this  wall  become  very  much  elongated,  and 
form  long  fibre-like  columnar  cells.  The  cells  of  the  anterior 
wall,  from  being  a  columnar  epithelium,  are  modified  to  a  flat- 
teued  epithelium,  and  finally  become  the  layer  of  epithelium 
lining  the  anterior  surface  of  the  capsule  of  the  lens.     The  cap- 
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rale  of  the  lens  htis  been  variouslj  considered  08  arising  from  the 
cells  of  the  lens  substance,  or  as  origiuatiog  from  a  thiu  layer  of 


Diagrammalic  section  of  the  primitive  eye,  Bhowing  the  choroidal  fiiwnre. 
(Foeler  and  Balfour.) — D.  Horizontal  section.  E.  Vertical  transverse  sec- 
tion jiiRt  striking  the  posterior  (lart  of  the  lens.  F.  Vertical  iongiludinal 
Bection  through  the  optic  Btalk,nnd  the  fissure  through  which  the  mesohlatt 
passes  lo  form  the  vitreous  humor,  h.  Superficial  epihinst.  i.  Point  of 
origin  of  the  lens.  t'.A.  Vitreous  humor,  r.  Anterior  layer  of  the  optic 
vesicle,  u.  Posterior  layer  of  the  optic  vesicle,  c.  Cavity  of  the  optic 
vesicle.  /.  Choroidal  fixsure.  ».  Oplicstalk.  >'.  Cavity  of  the  optic  stalk. 
/.  Lens.     /'.  Cavity  of  the  lens. 

mesoblast,  which  forms  not  only  the  lens  capsule,  but  also  the 
hyaloid  membrane,  which  is  continuous  with  it. 


Fio.  2»4. 


Later  stages  in  the  development  of  the  lens.     (Cadiat.)- 
c  Kudimontary  lens.    o.  Optic  vesicle. 


a.  Epiblast 


The  optic  cup  gives  origin  to  the  retina.     The  inner  or  an- 
terior layer  of  the  cup  becomes  thickened,  and  from  it  are  differ- 

60 
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eotiated  the  various  layers  of  the  retina,  except  the  layer  of  pig- 
ment cellii  which  lies  Dext  to  the  choroid.  The  posterior  lnyer 
develope  this  layer  of  pigment  cells,  which,  from  their  intimate 
connection  to  the  choroid,  were  formerly  considered  aa  part  of 
that  membrane. 

Pio.  295, 


A  further  sUge  of  the  development  of  the  lens.  (CadiuL) — o,  Elongating 
epitlieliol  cells formiog  lens;  ft,  Capsule ;  «,  Ciitaneooa tiisue becoming coa- 
junclira;  d,  e.  Two  layers  of  optic  cup  forming  retina;  /,  Cell  of  mocooa 
ti«ue  of  the  vitreous  humor;  g.  Intercellular  sabstanoe ;  A,  DereloptDg 
optic  nerve. 


The  thickening  of  the  inner  or  anterior  layer  of  the  optic  cup 
ceases  at  ihc  ora  serrata.  The  outer  layer  with  ite  contiguous 
choroid  is  thrown  into  a  number  of  folds — the  ciliary  prooeasea — 
and,  passing  in  front  of  the  lens,  helps  to  form  the  iris. 

Id  front  of  the  ora  serrata  the  anterior  layer  of  the  cup  is  no 
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longer  (JiflVreiitinteil  into  the  special  retinal  elements,  but  joing 
with  the  posterior  to  form  a  layer  of  columnar  cells, — the  pars 
ciliarig  retina.  In  front  of  this  the  anterior  rim  of  the  optic  cup 
passes  forwards  and  lines  the  posterior  surface  of  the  iris,  forming 
the  uvea  of  that  organ,  nnJ  termiiiates  at  the  margin  of  the  pupil. 

The  rest  of  the  substance  of  the  iris  is  developed  from  the 
luesoblast,  from  which  also  arise  the  choroid,  the  cornea,  and  the 
sclerotic. 

The  development  of  the  eye  may  be  thus  briefly  described. 
An  ofishoot  of  nervous  matter  from  the  fore-brain  forms  the 
retina  and  the  uvea,  and  its  stalk,  or  connection  with  the  brain, 
develops  into  the  optic  nerve. 

An  involution  of  epiblast  which  grows  into  the  nervous  cup 
forms  the  lens,  whilst  from  the  adjacent  raeaoblast  ihe  surround- 
ing parts  of  the  eye  arise.  The  vitreous  is  produced  by  the  raeao- 
blast growing  through  a  fissure  in  the  lower  part  of  the  optic  cup 
to  fill  ita  cavity. 

Development  of  the  Ear. 


The  ear  is  developed  chiefly  from  the  epiblast,  a  special  and 
independent  involution  of  which  forms  both  its  essential  nervous 
structures,  and  the  general  epithelium  lining  the  membranous 
labyrinth.  The  mesoblast  supplies  the  surrounding  firmer  struc- 
tures, such  as  the  fibrous  substance  of  the  inner  ear,  and  the  bony 
parts  in  which  the  organ  lies.  The  auditory  nerve  grows  as  a 
bud  from  the  neural  tissue  forming  the  hind-brain,  and  connects 
it  to  the  delicate  specialized  auditory  cells. 

The  process  begins  by  the  ai>pearance  of  a  depression  of  the 
general  epiblast  covering  the  head,  which  soon  forms  a  tubular 
diverticulum,  lying  in  the  mesoblast  at  the  side  of  the  hind-brain. 

This  diverticulum  becomes  se[>arated  from  the  epiblast  by  the 
obliteration  of  its  outer  extremity,  which  united  it  to  the  super- 
ficial epiblast,  and  is  then  converted  into  a  cavity  and  receives 
the  name  of  the  otic  venicle.  It  soon  becomes  somewhat  triangular 
in  shape,  the  base  of  the  triangle  lying  upwards. 

From  the  lower  angle  arises  a  projection,  which  is  the  rudi- 
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■WtTT  mud  of  the  cochlea.  The  angle  Ijiog  next  to  the  neural 
qMUast  similarly  gives  ofl*  a  tubular  process,  which  forms  the 
reoesBos  Testibali. 

Elevations  in  the  primitive  vesicle  indicate  the  origin  of  tiie 
semicircular  canals,  which  become  tubular,  opening  at  their  endt 

Fio.  29C 


Transveree  section  throagh  the  head  of  a  fvtal  sheep  in  the  region  of  the 
hind-brnin.  (Boettcher.) — hb.  Hindbniin.  ca  Canal  of  the  cochlea.  RC. 
Hecessus  vestibuli,  vb.  Vertical  semicircular  can.il.  oc.  Auditory  gan- 
glioo.  o'.  Auditory  nerve,  s.  Connection  of  auditory  nerve  to  the  hind- 
brain. 


into  the  general  cavity  of  the  vesicle.  The  two  superior  canals 
are  the  first  to  appear,  the  horizontal  canal  rising  somewhat 
later. 

The  part  of  the  otic  vesicle  in  connection  with  the  canal  of  the 
cochlea  becomes  separated  from  the  latter  by  a  narrow  constrif> 
tion,  which  forms  the  canalis  reuniens,  the  part  of  the  vesicle  be- 
yond this  developing  into  the  saccule. 
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The  utricle  ariees  from  that,  part  of  the  vesicle  which  is  in  con- 
nection with  the  semicircular  canals.  It  is  at  6rBt  in  direct  con- 
nection with  the  saccule,  but  after  a  time  it  is  only  found  to  com- 
municate by  means  of  a  narrow  canal  with  a  similar  one  from 
the  saccule;  these  two  canals  are  connected  with  a  third,  which 
lies  in  the  aqueductus  vestibuli. 

Fio.  297. 


L 

f  Section  through  the  liend  of  a  rti^likl  sliecp.     (Boettcher.) — R.v.  Reccasos 

I  vestibuli.     v.b.  Vertical  seruicirculnr  canal.     II.B.  HorizoDlal  semicircular 

I  canal,    o.  Auditory  ganglion,    cc.  Canal  of  the  cochlea. 

^B  The  canal  of  the  cochlea  is  at  first  a  straight  tube,  but  as  it 

develops  it  becomes  coiled  upon  itself. 

The  walls  of  the  primitive  otic  vesicle,  formed  from  the  epiblast, 
become  developed  into  the  epithelium  lining  the  internal  ear. 
The  mesoblast  immediately  surrounding  the  vesicle  forms  a  sup- 
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porting  MpmleofMgDOi  tiwie,  which  eoMpfetfUwi 
parta  of  the  iatcraal  ear. 

Part  of  the  meaoblMt  aroand  the  otic  veaide  beeomea  liquefied, 
and  givei  origin  to  the  oaaab  and  afnco  in  which  the  membran- 
oas  Ubyrinth  lies ;  the  neighboriDg  nemblast  is  changed  into  car- 
tilage, which  oeaifies  and  forms  the  booj  parts  of  the  ear. 

The  aaditorj  oerre  is  developed  from  the  hind-brain,  and  grows 
through  the  mesoblast  towards  the  otic  ▼esicle.  It  is  recogniiable 
from  its  having  some  gaoglion  cells  in  its  growing  extremity  from 
a  very  early  period  of  its  development. 

The  Eustachian  tube  and  the  tympanum,  or  cavity  of  the 
middle  ear,  are  formed  in  connection  with  the  inner  part  of  the 
first  visceral  cleA,  and  the  oaeicles  are  developed  from  the  < 
sponding  visceral  arch,  namely,  the  hyo-mandibvlar. 

The  membraua  tympaoi  is  formed  at  the  surface  of  the  eml 
the  adjacent  parts  grow  outwards  and  give  rise  to  the  ext 
auditory  meatus. 


.Development  op  the  Skull  and  Face. 

The  bones  of  the  roof  of  the  skull  and  of  the  face  are  chieflj 
derived  from  membmue,  those  of  the  base  of  the  skull  being  laid 
dowu  in  cartilage.  ^| 

At  the  cephalic  extremity  of  the  notochord  is  a  mass  of  uuclei^' 
mesoblast,  called  the  investing  mass,  correspouding  to  that  from 
which  the  vertebrw  are  developed.  ^H 

From  this  arise  two  prolongations,  which  diverge  and  the^V 
unite  again,  leaving  an  interval ;  and  the  united  portion  becomes 
once  more  divided  into  two  processes,  the  (rabeeula  eranii. 

The  mesoblast  behind  the  interval  receives  the  name  of  the 
occipito-spheuoid  portion  ;  the  interval  is  the  rudiment  of  the 
sella  turcica,  whieli  is  occupied  by  the  pituitary  body.     The  part 
of  the  uiesobliist  in  front  of  this,  is  called  the  spbeno-etbmoidal     i 
portion.  ^H 

From  the  occipito-sphenoidal  portion  are  developed  the  basl^^ 
occipital  together  with  the  posterior  part  of  the  sphenoid.      At  the 
sides  of  the  medulla  oblongata  processes  are  sent  up,  which  unite 
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round  it  and  form  the  foramen  niagDum.  Laterally  the  mesobla^t 
envelops  the  auditory  vesicles  and  forma  the  side  portiona  of  the 
occipital  boue. 

In  the  cartilaginous  antecedent  of  the  temporal  bone  there  aro 
three  centres  of  ossification — the  epiotie,  which  develops  the  mas- 
toid process ;  the  proiitic,  which  is  in  the  region  of  the  superior 
semicircular  canal ;  and  the  oplsthotic,  which  is  at  the  cochlea. 


Fio.  298. — Basis  cranii  of  a  cluck,  sixth  day.  (Hiixlev.) — 3.  Trabeculie. 
4.  Piluilary  space.     1.  Nolochord.     5.  lutemal  ear. 

Fio.  299. — Longitudinal  section  througli  the  head  of  an  embryo  of  four 
weeks  (Ktltliker). — v.  Cavity  of  cerebral  hemisphere,  a.no.  Optic  vesicle. 
J.  Covity  of  third  ventricle,  in.  Cavity  of  mid-brain,  h.  Cerebellum,  n. 
Medulla,  o.  Auditory  depression,  (.  Basis  cninii.  I'.  Tentorium,  p. 
Pituitary  body. 


The  spheno-ethmoidal  portion  develops  the  anterior  part  of  the 
sphenoid  together  with  the  ethmoid  bones  and  the  cartilage  of  the 
septum  of  the  nose,  the  first  arising  from  the  back  part  is  developed 
from  membrane.  The  trabecuhe  are  carried  forwards,  and  bending 
down  at  the  nasal  depression  form  the  lateral  na.sal  cartilages  and 
the  anterior  part  of  the  septal  cartilage. 

The  face  is  developed  in  connection  with  ridges  known  as  the 
vuceral  folds  or  arches,  between  which  are  a  number  of  clefts,  the 
visceral  ckjts. 

The  eyes  and  the  openings  of  the  nose  are  in  the  face ;  whilst 
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the  ear  arises  at  the  side  of  the  face,  in  coaDection  with  one  of  the 
vincernl  cle(\«. 

The  na»al  depressions  or  pita  appear  in  the  wall  of  the  head, 
covering  the  anterior  part  of  the  brain. 

Just  above  the  first  visceral  arch  or  fold  is  the  depression  which 
ultimately  becoineB  the  buccal  cavity,  and  unites  with  the  alimen- 
tary tract  to  form  the  mouth. 

The  first  fold  is  called  the  mandibular ;  this  gives  off  at  either 
end  a  process  which  grows  upwards  and  inwards,  forming  the  ru- 
diment of  the  superior  maxillary  bone  and  side  of  the  face. 

Between  these  is  a  median  process,  the  frontonasal,  which  gives 
off,  ou  the  inner  sides  of  the  nasal  grooves,  projections  which  form 


Fia.  800. 


^^F  Diflbrant  Rtugai  of  the  devrlopincnt  of  the  head  and  face  of  a  human  em- 

bryo.— A.  Embryo  of  four  werks.  (Allen  Tbomsion.  I  B.  Embryo  of  cix 
wecki.  (Eolcer.)  C.  Embryo  of  nine  weeks.  (Allen  Thomson.)  a.  Ao- 
ditory  Tesicle.    1.  Lower  jaw.     1'.  Finl  pharTngeal  cleft. 

the  inner  nasal  processes ;  these  unite  with  the  superior  maxillary 
processes  to  close  in  the  nostril  and  form  the  lip. 

The  outer  nasal  process  is  a  thickening  on  the  outer  side  of  tlie 
nasal  depression,  which,  running  down  towards  the  superior  max- 
illary process,  forms  eventually  the  lachrymal  duct. 

The  maudibular  arch  forms  the  lower  jaw,  and  between  this  and 
the  superior  maxillary  process  the  buccal  oaTiij  is  developed 
chiefly  by  the  outgrowth  of  the  surrounding  tissue;  the  epiblaif 
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lining  this  becomes  thitiDed  away,  and  the  subjacent  meaoblast 
and  hypoblast  disappear ;  and  thus  the  buccal  cavity  \a  made  con- 
tinuous with  that  of  the  alimentary  canal. 

The  cavities  of  the  nasal  depressions  at  first  open  into  the  buccal 
cavity  by  means  of  the  nasal  grooves ;  after  a  time,  however,  pro- 
oessea  arise  from  the  superior  maxiihe  which  grow  inwards,  and 
finally  meet  one  another  in  the  middle  line,  forming  a  broad  plate 


elk  et 

Vertical  seclioii  of  llic  head  of  an  embryo  of  a  rabbit.  (Mihalkovics.) — 
In  A.  there  is  no  connection  between  the  buccal  cnvity  and  the  fore-giit.  In 
B.  the  connection  is  estabtinhed. — m.  Epiblast  of  neural  canal,  h.  Heart, 
c.  Cavity  of  fore-brain,  mc.  Cavity  of  mid-brain,  mo.  Cavity  of  medulla. 
sp.o.  Spheno-occipital  parts  of  the  basis  cranii.  i)p.e.  Spheno-ethmoida]  part 
of  tbetMuiscranii,  br.  Part  of  basis  cranii  which  receives  the  pituitary  body. 
am.  Amnion,  py.  Part  of  heart  cavity  going  to  form  the  pituitary  body, 
i/.  For«-gut.     eh.  Nolochord.    if.  Infundibulum. 

of  tissue  intervening  between  the  nasal  cavity  above  and  the  buc- 
cal cavity  below.  The  pitlate  when  complete  in  front  gradually 
closes  towards  the  back  of  the  buccal  cavity,  and  here  the  com- 
muDicalion  between  the  nose  and  the  pharynx  ia  left. 

Imperfect  development  of  these  parts  gives  rise  to  the  common 
congenital  deformities,  cleft-palate  and  bare-lip. 

The  first  cleft  is  the  hyo-mandibular ;  it  forms  the  tympano- 
Eustachian  cavity,  which  becomes  separated  from  the  surface  by 
the  closure  of  its  outer  end  by  the  growth  of  the  membrana  tym- 
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paoi,  the  ext«romI  auditory  meatua  and  ear  being  formed  by  an 
outgrowth  of  the  tiwue  ourruuDdiog  the  tympanic  membrane. 

The  mandibular  arch  contains,  cloae  to  it«  cooneclioD  with  the 
superior  maxillary  proce**,  a  rod  of  cartilage,  called  Meckel's  car- 
tilage. This  becomes  partly  converted  into  the  malleus,  partly 
into  the  internal  lateral  ligaments  of  the  teraporo-maxillary  ar- 
ticulation. 

Theaecond,  or  hyoid  arch,  gives  origin  to  the  incus,  the  stylo- 
hyoid process  and  ligament,  together  with  the  leaser  wings  of  the 
hyoid  bone. 

From  the  third  arch  arise  the  body  and  greater  wings  of  the 
hyoid  bone  together  with  the  thyroid  cartilage. 


GLOSSARY. 


Abscissa.  The  line  forming  the  basis  of  measureraent  of  graphic 
records,  along  which  tJio  time  measurement  is  commonly  made. 

AocommodatioD.    The  focussing  of  the  eye  for  dift'eruut  distances 
it  depends  upon  changes  in  the  lens,  which  Iwconies  more  convex 
for  neiir  objects. 

AcinoQB  glands.  Secreting  organs  composed  of  small  saccules  filled 
with  glandular  eiiithelium  connected  with  tlic  twigs  of  a  branched 
duct ;  like  the  Iwrries  on  a  buncli  of  grapes. 

Adenoid  tissne.  The  follicular  part  of  lymphatic  glands  composed 
of  rocticular  tissue  containing  the  lymph  corpuscles. 

Adequate  stimulus.  The  particular  form  of  stimulus  which  excites 
the  nerve-endings  of  a  special  sense  organ. 

Afferent  nerves.  Nerves  bearing  impulses  to  the  great  nervous 
centres,  from  the  various  parts  of  the  body,  so  as  to  give  infor- 
mation to  the  sensorium,  or  to  excite  reflex  actions. 

Agminate  glands.  A  name  applied  to  those  lymph  follicles  that 
occur  in  groups  in  the  lower  part  of  the  small  intestine. 

Albumin.  A  term,  derived  from  the  Latin  for  the  white  of  egg 
{albumen),  used  in  physiology  to  denote  a  complex  chemical 
substance  which  may  be  obtained  from  ova,  blood-plasma,  and 
many  tissues  of  animals  and  plants. 

Albaminoids.  A  class  of  nitrogenous  substances  allied  to  the  albu- 
mins in  composition,  but  dilfcring  from  them  in  many  important 
respects. 

Allantois.  A  vascular  out-growth  from  the  embryo  which  in  mam- 
mals helps  to  form  the  placenta,  and  in  birds  becomes  the  respi- 
ratory organ  of  the  embryo. 

Alveoli.  The  term  used  to  denote  the  small  cavities  found  in  some 
parts,  such  as  the  air-spaces  of  the  lungs. 

Amnion.  The  membranous  sac  which  grows  around  the  embryo 
and  envelops  the  foetus  while  it  is  being  developed  in  utero. 
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Amoeba.  A  uuiccllular  organism  cousisting  of  a  nucleated  uiase  of 
protoplaBin. 

Amorphoni.  Without  definite  or  regular  form ;  the  opposite  of 
crystalline. 

Amylolytio.  Relating  to  the  conversion  of  starcli  into  dextriu  and 
grape-sugar. 

Amylopnin.  A  ferment  in  the  pancreatie  juice,  which  converts 
starch  into  sugar. 

Analgesia.  A  condition  of  the  nervous  centres  in  which  pain  can- 
not be  felt,  but  ordinary  tactile  and  other  sensations  remain  un- 
impaired. 

Analysis.  A  nepanition  into  component  parts;  the  splitting  up  of 
a  chemical  compound  into  its  constituents. 

Anastomoses.  The  direct  union  of  bloodvessels  without  the  inter- 
vention of  a  capillary  network. 

Anelectrotonus.  A  jieculinr  electric  condition  of  a  nerve,  resulting 
from  the  passage  of  a  current  through  the  nerve,  but  confined 
to  the  region  where  the  current  enters,  i.e.,  the  neighborhood 
of  the  positive  pole. 

Anode.  The  positive  pole  or  electrode — i.e.,  the  pole  by  which  the 
electric  current  enters  a  substance. 

Apnoea.  A  state  of  cessation  of  the  breathing  movements  from 
non-excitation  of  the  respiratory  nerve  centre  on  account  of  an 
unusually  arterial  state  of  the  blood. 

Area  opaca.  The  outer  zone  of  the  blastoderm  firom  which  the 
ftjetal  membranes  are  developed. 

Area  pellncida.  The  central  spot  of  the  blastoderm  from  which 
the  embryo  chick  is  developed. 

Arteriole.  A  small  art«ry ;  usually  applied  to  those  vessels  the 
walla  of  which  are  largely  composed  of  muscle  tissue. 

Arthroses.    Movable  joints  which  have  a  synovial  membrane. 

Asphjrxia.    A  term  meaning,  literally,  cessation  of  the  pulse,  such 
as  occurs  from  interruption  of  respiration,  now  commonly  used^ 
as  synonymous  with  suflbcation. 

Assimilatioo.  The  chemical  combination  of  new  material  (uutri- 
ment)  with  living  tissues.  This  forms  the  most  characteristic 
proixjrty  of  living  matter. 

Astigmatism.  Unevenness  of  the  refracting  surfaces  of  the  eye  ; 
when  engaging  the  entire  cornea,  it  is  called  "regular,"  and 
aflfecting  a  local  part,  "irregular  "  astigmatism. 

items.    The  ultimate  indivisible  particles  of  matter. 
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Atrophy.     A  wneting  from  insufflcient  outrition. 

Automatio.    Self-moving— i  e.,  noting  without  extrinsic  aid  ;  a  term 

applied  to  the  indejiendent  activity  of  certain  tissues  (such  as 

the  ner\'c  centres),  the  exciting  energies  of  which  are  not  readily 

determined. 
Axis  cylinder.    The  essential  conducting  part  of  a  nerve  fibre, 

which  is  composed  of  Hue  strands  of  protoplasm. 

Bacteria.  A  class  of  minute  fungi,  which  occur  in  all  decomposing 
animal  or  vegetable  substances. 

Bilirubin.  The  red  coloring-matter  of  the  bile  of  man  and  cami- 
vora. 

Biliverdin.  The  greenish  coloring-matter  of  the  bile  of  herbivorous 
animals. 

Binocular.  Pertaining  to  vision  with  two  eyes.  A  combination  of 
the  effect  of  two  retinal  impressions  iiy  means  of  which  the 
appearances  of  distance  and  iolidity  are  arrived  at. 

Biology.    The  science  of  life. 

Blastoderm.  The  primitive  cellular  membrane  formed  by  the  seg- 
mentation of  the  ovum,  in  a  part  of  which  the  embryo  is  devel- 
oped. 

Blood-presanre.  The  force  exercised  by  the  blood  against  the  walls 
of  the  vessels.  It  is  very  great  in  the  arteries,  and  therefore 
causes  a  constant  stream  through  the  capillaries  to  the  veins. 

Canalicali,  Minute  channels  which  connect  the  small  cell-spaces 
or  lacunffi  of  bone  with  each  other,  and  contain  protoplasmic 
tilamcnts  uniting  the  neighboring  cells. 

Carbohydrates.  Compounds  of  carbon,  hydrogen,  and  oxygen,  in 
which  the  oxygen  and  hydrogen  exist  in  the  prop<irtions  requi- 
site to  form  water. 

Cardiograph.  An  instrument  by  means  of  which  the  heart's  im- 
pulse is  transmitted,  tlirough  an  air  tube,  from  a  tambour  on 
the  chest-wall  to  another  which  makes  a  record  on  a  moving 
surface  by  means  of  a  lever. 

CatelectrotoDOs.  A  peculiar  electric  state  of  a  nerve  in  the  region 
where  a  current  passing  through  it  leaves  the  nerve,  i.e.,  near 
the  negative  pole. 

Cathode.  The  negative  pole  or  electrode — i.e.,  the  one  by  which  the 
electric  current  leaves  a  substance  through  which  it  is  (mssing. 

Centrifugal.    Efferent. 


726 


OLMBARY. 


Centripetal.    Afferent. 

Cerebral  vesicles.  Primitive  swellings  on  the  primary  neural  tube 
of  the  early  embryo  which  develop  into  the  brain. 

Chemical  elementi.  SubstancTe.s  which  cannot  lie  nplit  up  into  com- 
ponent*, and  therefore  are  regarded  as  simple. 

ChlorophylL  The  f^teea  coloring-matter  of  the  cells  of  plants.  It 
is  supposed  to  be  the  agent  which,  under  the  influence  of  light, 
decomposes  carbon  dioxide  and  water  to  form  the  cellulose  and 
starch  of  the  plant. 

Cholesterin.  A  substance  occurrin<;  in  the  bile,  white  matter  of 
the  brain  and  spinal  eord,  and  in  small  quantities  in  mnny 
other  tissues.     Chemically  it  is  a  triatomic  alcohol. 

Chorda  dorsalit.  The  precursor  of  the  vertebral  column  of  the 
embryo. 

Chorion.  The  outer  layer  of  the  membranes  of  the  ovum,  port  of 
which  becomes  vascular,  and  helps  to  form  the  placenta. 

Choroid.    The  vascular  coat  of  the  eyeball. 

Chromatic  aberration.  The  alteration  of  white  light  into  prismatic 
colors  during  its  passage  through  an  ordinary  lens. 

Chyle.    The  fluid  absorlJed  from  the  small  intestines  by  thelacteals. 

Cilia.  Minute  vibratile  pnK-esses  which  occur  on  the  surface  cells 
of  the  respiratory  and  many  other  epithelial  membranes. 

Ciroumvallate.  Large  papilla:  situated  at  the  back  of  the  tongue. 
I  They  are  surrounded  by  a  fossa  in  the  walls  of  which  lie  taate 
buds. 

Cloaca.  The  common  opening  of  the  genito-urinary  organs  into 
the  primitive  hind-gut  of  the  embryo.  The  cloaca  persists  In 
birds. 

Colloid.  That  condition  of  quasi-dissolved  matter  in  which  it  will 
not  diffuse  through  a  membrane  such  as  parchment.  The  op- 
posite of  cryittaUoid. 

Co-ordination.  The  adjustment  of  separate  actions  for  a  definite 
result,  as  when  the  nerve-centres  cause  various  distinct  muscles 
to  act  together  and  produce  complex  movements. 

Cytod,  A  term  suggested  to  denote  a  liviug  protoplasmic  unit 
which  has  no  nucleus. 


Decidua  reflexa.    The  outgrowth  of  the  uterine  mucous  membnuw 

which  surrounds  the  ovum. 
Secidna  serotina.    The  part  of  the  modified  mucous  membrane  of 

the  uterus  in  which  the  fecundated  ovum  is  lodged. 
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Deoidna  vera.  The  altered  mucous  uienibrane  of  the  uterus,  which 
lines  that  organ  during  gestAtion. 

Deglutition.    The  act  of  swallowing. 

Desquamation.  Tlie  term  used  to  denote  the  casting  off  of  the 
outer  liijer  of  the  skin. 

Dialysis.  The  difTusion  of  soluble  crystalloid  substances  through 
membranes  such  as  parchment. 

Diastole.    The  period  of  relaxation  and  rest  of  the  heart's  muscle. 

Dicrotism.  The  double  wave  of  the  arterial  pulse.  Tlie  dicrotic 
wave  is  scon  on  the  descending  part  of  the  puLsc  curve. 

Dioptric  media.  Transparent  bodies,  such  as  those  parts  of  the 
eye  which  so  refract  the  light  that  images  come  to  a  focus  on 
the  retina. 

Distal.    A  term  used  to  denote  a  part  relatively  far  from  the  centre. 

DnotQB  arterioBns.  A  short  bond  of  union  Ixjtween  the  pulmonary 
artery  and  the  aorta,  which,  in  the  fictus,  carries  blood  fron»  the 
right  side  of  the  heart  into  the  aorta. 

DactuB  Teaoani.  A  vessel  which,  in  the  fcetus,  carries  blood  from 
the  umbilical  vein  to  the  vena  cava.  After  birth  it  becomes  a 
fibrous  cord. 

Dnotns  viteUo-intestinalis.  The  union  between  the  yolk  sac  and 
the  intestine  of  the  embryo. 

Dygpnoea.  Difficulty  of  breathing ;  it  is  a.  condition  in  which  inor- 
dinate respiratory  movements  are  excited  by  an  unusually  ven- 
ous state  of  the  blood  in  the  respiratory  nerve  centre. 

Ectoderm.    The  outer  layer  of  simple  organisms. 

Ectosarc.  A  term  applied  to  certain  unicellular  organisms,  mean- 
ing the  outer  layer  of  covering. 

Electrodes.  The  two  tenninals  which  are  applied  to  a  substance 
in  order  to  complete  the  circuit  when  it  is  required  to  pass  a 
current  through  the  substance. 

Eleotrotonns.  A  peculiar  electric  state  of  nerves  resulting  from  the 
passage  of  a  continuous  current  through  them. 

Embryo.  The  name  given  to  the  animal  at  the  earliest  period  of  ita 
development. 

t  Emmetropic.    A  term  applied  to  the  normal  eye,  in  which  parallel 
rays  of  light  are  brought  to  a  focus  at  the  retina  without  accom- 
modation. 
Emnlsification.    The  suspension  of  very  fine  particles  of  liquid  or 
Bolid  in  a  liquid  which  is  not  able  to  dissolve  thorn. 
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Endoderm.    The  inner  layer  of  simple  organisros. 

Endogenons  reprodnction.  '  The  t'ormation  of  new  cells  or  organ- 

isnifl  within  the  Ixxly  of  the  parent  individual. 
Endolymph.    The  liquid  contained  within  the  membranous  laby- 
rinth of  the  ear. 
Endosmosii.    The  diflbsion  of  a  fluid  into  a  vessel  through  its  wall* 

from  the  exterior. 
EndotheliDm.    The  single  layer  of  thin  cells  which  lines  the  serous 

cavities,  the  lymphatic  and  bloodvessels,  and  all  spaces  in  the 

connective  tissues  (mesoblastic  lining  cells). 
Epiblast.    The  uppermost  of  the  three  layers  of  tlie  blastoderm, 

from  which  the  epidermis  and  the  nerve-ccntn^s  are  developed. 
Epithelinm.    The  non-vascular  cellular  tissue  developed  from  the 

epi-  and  hypoblast  of  the  blastoderm. 
Enpnoea.     A  term  used  to  denote  the  normal  rhythm  of  respiratory 

movements  in  contradistinction  from  dysprtna  and  afmaen. 
Excito-motor.     Impulses  which,  reflexly,  call  forth  motiou. 
Excito-secretory.     Impulses  tailing  forth  the  activity  of  gland  cells, 

commonly  applied  to  afferent  influences  which  act  reflexly. 

Fibrinogen.    A  form  of  globulin  obtained  from  serous  fluids,  which, 

on  being  added  to  a  liquid  containing  serum-globulin,  gives  rise 

to  the  formation  of  fibrin. 
Fibrinoplattin.     A  term  sometimes  applied  to  paraglobulin  or 

serum-globulin. 
Filiform.    A  name  given  to  a  certain  class  of  the  papillie  of  the 

tongue,  the  [wints  of  which  taper  ofl"  to  a  thread. 
Foetus.    The  fully-formed  embryo  while  in  the  uterus  or  egg. 
Faogiform,     A  name  given  to  a  certain  class  of  papillte  of  the 

tongue,  which  are  shaped  like  a  toadstool. 


OalTanometer.  An  instrument  for  measuring  the  direction  and 
strength  of  electric  currents  by  means  of  the  deflection  of  a  mag- 
netic needle. 

Ganglion,  A  swelling,  (/hiefly  used  to  denote  swellings  on  nerves 
which  contain  nerve  corpuscles.  Hence  any  group  or  mass  of 
nerve  cells. 

Oaatrnia,  A  stage  in  the  development  of  animals  in  which  they 
consist  of  a  small  sac  composed  of  two  layers  of  cells. 
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Gemmation.  Budding — a  process  of  reproduction  in  which  a  bud 
forms  on  the  parent  organism,  and  finally  separates  as  a  distinct 
l>eing. 

Olobnlin,  A  form  of  albumin  insoluble  in  pure  water  but  soluble  in 
weak  solutions  of  common  salt. 

Olomeralus.  A  bundle  of  capillary  loops  which  form  part  of  the 
Malpighiau  bodj'  of  the  kidney. 

Glycocholic  acid.  An  acid  existing  in  large  quantities  combined 
with  soda  in  the  bile  of  herbivorous  animals,  and  in  lesser  quanti- 
ties in  man. 

Olycogen.  Animal  starch  ;  a  substance  belonging  to  the  carbohy- 
drates, which  is  made  in  the  liv'er.  It  may  he  readily  converted 
into  grape  sugar — from  which  fact  its  name  is  derived. 

Gustatory.    Pertaining  to  the  sense  of  taste. 

Heematin.  A  dark-red  amorphous  body  containing  iron  ;  obtained 
from  the  decomposition  of  the  coloring  matter  of  the  blood 
(bsemoglobin). 

Hsemin.  Ilydrocblorate  of  bn'matin ;  easily  obtained,  as. '^mall  dark 
crystals,  by  boiling  blood  to  wliich  some  common  salt  and  gla- 
cial acetic  acid  have  been  added. 

Holoblastic.  The  form  of  ova  the  entire  yolk  of  which  enters  into 
the  process  of  segmeutation. 

Homoeothermic.  Even  temjveratured — a  term  applied  to  those  ani- 
mals that  keep  up  a  regular  Icnijicrature,  independent  of  their 
surroundings — warm-blooded  anira.ils. 

Hyaloid.  Glass-like ;  a  name  given  to  the  delicate  membrane  in- 
closing the  vitreous  humor. 

Hydrocarbons.  Com|)ounds  of  carbon  and  hydrogen.  Fats,  though 
containing  oxygen  in  addition,  have  been  considered  as  hydro- 
carbons. 

Hypermetropic.  A  term  applied  to  eyes  in  which  the  focus  of  par- 
allel rays  of  light  lies  beyond  the  retina ;  also  called  long  sight. 

Hypertrophy.    Increased  growth  from  excessive  nutrition. 
J  Hypoblast,    The  undermost  of  th«  layers  of  the  blastoderm,  from 

^^L  which  the  pulmonary  and  alimentary  tracts  and  their  glands 

^^T  are  formed. 

C         Inhibi 


Inhibition.  A  checking  or  preventive  action  exercised  by  some 
nervous  mechanisms  over  nerve  corpuscles  and  other  active 
tissues. 
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lafaioria.    A  name  given  to  a  large  claM  of  simple  organisms  which 

nre  found  in  dirty  water. 
Irradiation.    Tlie  phenomenon  that  bright  objects  appear  larger 

than  they  really  are.     It  is  due  to  the  extension  of  the  eflfect  of 

light  on  tlie  retina  to  those  parts  immediately  adjacent  to  where 

the  light  rays  impinge. 

Kymograph..  An  instrument  used  for  recording  graphically  the  un- 
dulations of  blood-pressure,  measured  directly  from  a  bloodves- 
sel by  means  of  a  manometer. 

Lachrymal.    Pertaining  to  the  secretion  of  tears. 

Lacunae.  Small  spaces  in  the  substance  of  bone  tissue,  occupied 
during  life  by  the  bone-cells.  They  appear  black  in  sections  of 
dry  bone  owing  to  their  containing  air,  which  replaces  the 
shrivelled  cells. 

Latency,  or  Latent  period.  The  time  that  elapses  between  the 
moment  of  stimulation  and  the  response  given  by  an  active  tissue. 

Leacin.  This  is  a  common  product  of  the  decomposition  of  proteids. 
It  is  formed  in  the  later  stages  of  jwncreatic  digestion. 

Lencoc3^e8.  A  term  applied  to  the  wliito  blood-corpuscles  and  lymph 
cells. 

Lamen.  The  open  space  seen  on  section  of  a  tube,  vessel  or  glandu- 
lar saccule ;  the  cavity  surrounded  by  the  gland-cells,  in  which 
the  secretion  collects. 

Lymph.  The  liquid  collected  by  the  absorbent  vessels  from  the  tis- 
sues ;  the  return  flow  of  the  irrigation  stream  escaping  from  the 
bloodvessels  to  nourish  the  tissues. 


Manometer.  An  instrument  for  measuring  pressure  ;  made  of  a  U- 
shaped  tube  containing  liquid,  commonly  mercury. 

Medullary  sheath.  A  soR  clear  sheath  around  the  axis  cylinder  of 
meduUiited  nerves,  which,  owing  to  its  refracting  power,  gives 
them  the  white  appearance. 

Menstruation.  The  monthly  change  in  the  mucous  membrane  of 
the  uterus,  which  accompanies  the  discharge  of  the  ovum. 

Merohlastic.  The  form  of  ova  in  which  the  yolk  does  not  undergo 
complete  ses[mentation,a8  that  of  birds. 

Mesoblast.  The  middle  of  the  three  layers  of  the  blastoderm  from 
which  the  connective  tissues  and  vascular  apparatus  of  the  em- 
bryo are  formed. 
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Metabolism.  The  intmiate  chemical  changes  occurring  in  the 
various  organs  and  tissues  upon  which  their  nutrition  and  func- 
tions depend. 

nfetanephroB.  Tlie  hinder  portion  of  the  Wolffian  duct  which  de- 
velojis  into  the  kidney  and  ureter. 

Metazoa.  A  term  used  to  denote  all  those  animals  whose  ova  undergo 
division,  in  contradistinction  to  Protozoa. 

Microoocoas.  An  extremely  minute  fungus  of  a  round  shape.  Mi- 
crococci occur  in  many  solutirius  of  decoiniwsing  organic  matter. 

Hictuiition.    The  act  of  voiding  urine. 

Molecules.  The  smallest  physical  particles  of  matter  that  can  exist 
in  a  separate  state.  They  are  prohably  always  constituted  of 
two  or  more  atoms. 

Morpholo^.  The  science  which  treats  of  the  forms  and  structure 
of  living  Ix'ingH. 

Morula.  The  stage  of  development  of  the  ovum  after  segmentation 
in  which  all  the  young  cells  are  alike,  before  the  blastoderm  is 
formed. 

Mnllerian  duot.  An  embryonic  structure  from  which  am  formed 
the  genital  passages  in  the  female,  viz.,  Fullopiau  tube,  uterus, 
and  vagina. 

Myograph.  An  instrument  for  graphically  recording  muscle  con- 
traction. 

Myosin.  The  substance  formed  by  the  coagulation  of  muscle  plasma . 
It  is  one  of  the  globulins. 

Natural  nerve  currents-  The  electrical  currents  passing  through 
an  esiKist'd  muscle  or  nerve  while  in  the  state  of  rest. 

Neuroglia.  The  reticular  cooueotivo  tis-iuo  which  binds  together 
the  elements  of  the  nerve-centres. 

Non-polarizable  electrodes.  SiKscially  constructed  electric  termi- 
nals which  do  not  set  up  secondary  currents  on  application  to 
the  moist  living  tissues. 

Notochord.    The  primitive  vertebral  axis  of  the  embryo. 

Nucleolus.    A  small  spot  oljservable  in  some  nuclei. 

Nucleus.  A  central  part  of  a  cell  ditfercntiated  from  the  main 
protoplasm,  commonly  round,  but  sometimes  elongated  as  in 
muscle. 

Odontoblasts.  Living  cells  lining  the  pulp-cavity  of  the  interior 
of  a  tooth,  and  presiding  over  the  growth  and  nutrition  of  the 
dentine. 
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Olfactory.    PertainiDg  to  the  special  sense  of  gmell. 

Omphalo-meseDteric.  The  vessels  connecting  the  embryonic  circu- 
lation with  the  yolk  sac,  which  are  early  obliterated  in  the  mam- 
malian foetus. 

Ophthalmoscope.  An  instrument  consisting  of  a  small  mirror  by 
which  the  interior  of  tlie  eye  can  be  illuminated  so  that  the  fun- 
dus may  be  viewed. 

Optic  cup.  The  involuted  optic  vesicle  which  is  developed  into  the 
retina,  etc. 

Oxyhaemoglobin.    The  coloring  matter  of  the  red  blood-corpoacleB. 


FaramsBcium,  A  unicellular  organism  composed  of  a  soft  mass 
of  protoplasm  inclosed  in  a  flrmer  case  and  covered  with  motile 
cilia. 

Farapeptone.  A  stage  in  the  formation  of  peptone  produced  in  gas- 
tric digestion. 

Fepsin.  A  ferment  existing  in  the  gastric  juice  which  converta  pro- 
tcids  into  peptones. 

Peptone,  A  form  of  albumin  which  is  pro«luced  during  the  diges- 
tion of  pruteids ;  it  is  very  soluble  and  dilRises  readily  through 
membrane. 

Ferilymph.  The  liquid  surrounding  the  membranous  labyrinth  of 
the  ear. 

Peristalsis.  The  mode  of  contraction  of  the  muscular  walls  of  cer^ 
tain  tubes,  as  the  oesuphagus  and  intestine,  the  effect  of  which 
is  to  cause  a  progressive  constriction,  and  so  force  the  contents 
of  the  tube  onwards. 

Phakosoope.  An  instrument  for  estimating  the  changes  in  the  shape 
of  the  lens  during  accommodation  by  doubling  the  reflected 
images  with  a  prism. 

Placenta.  The  intra-uterine  organ  by  means  of  which  the  fcetal 
blood  is  brought  into  close  relationship  to  that  of  the  mother, 
so  as  to  gain  nutriment  and  oxygen  and  get  rid  of  effete  matters. 

Plasma.  A  term  meaning  anything  formed  or  moulded ;  it  is  ap- 
plied in  physiology  to  indicate  chemically  complex  kinds  of 
matter  which  subserve  to  the  formation  of  the  living  tissues. 

Poikilothermic.  Varying  in  temperature.  A  term  applied  to  those 
animals  whose  teiniierature  varies  with  that  of  the  surrounding 
medium — "cold-blooded  animals." 

Presbyopia.  A  term  denoting  the  loss  of  power  of  accommodation 
for  near  vision,  which  accompanies  old  age. 
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Protista.    A  term  used  to  denote  the  large  group  of  organisms 

which  remain  in  the  primitive  state  of  a  single  cell  during  all 

their  lifetime. 
Protococcof.    A  unicellular  vegetnble  organism,  the  protoplasm  of 

which  contains  chlorophyll. 
Protoplasm.    The  substance  which  gives  rise  to  the  primitive  vital 

phenomena,  seen  in  unicellular  organisms,  and  which  is  the 

chief  agent  in  executing  the  functions  of  all  the  active  tissues. 
ProtovertebrsB.    The  primitive  segments  of  the  mcsoblast  in  the 

site  of  the  future  vertebral  column. 
Protozoa.     The  division  of  the  protista  which  has  been  assigned  to 

the  animal  kingdom. 
Proximal.     A  term  used  to  denote  a  part  relatively  nearer  to  the 

centre. 
Psendopodia.     A  term  applied  to  the  projections  thrown  out  by 

moving  protophism,  by  means  of  which  cells,  such  as  amcebte, 

move. 
Ptyalin.    The  ferment  of  the  saliva.     In  a  weak  alkaline  solution 

it  converts  starch  into  dextrine  and  sugar. 

Keflex  action.  The  activity  caused  by  a  ganglion  cell  reflecting  an 
afferent  impulse  along  an  efferent  nerve  to  the  neighborhood  of 
original  stimulation. 

Refraction.  The  bending  which  rays  of  light  undergo  when  passing 
obliquely  from  one  medium  to  another  of  difl'erent  density. 

Reticalnm.  A  network ;  a  term  applied  to  the  interlacement  of 
fibres,  such  as  is  seen  in  reticulated  connective  tissue,  etc. 

Rheoscopic  frog.  An  arrangement  by  which  the  change  in  the 
electric  current  of  one  muscle  of  a  frog  is  made  to  act  as  a  stim- 
ulus to  the  nerve  of  another. 


Saponification.  The  formation  of  soap ;  the  decomposition  of  oils 
or  fats  by  means  of  alkalies  into  salts  of  the  fatty  acid  and  glyce- 
rin. 

Saroolactio  aoid.  The  principal  acid  in  dead  muscle.  It  has  a 
dextro-rotatory  (wwer  on  polarized  light,  which  ordinary  lactic 
acid  does  not  possess. 

Sarcolemma.  The  delicate  sheath  surrounding  the  fibres  of  skeletal 
muscles. 

Sclerotic.    The  fibrous  coat  of  the  eye-ball. 
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SeDBoriam.    That  part  of  the  nerve  centres  which  is  sup 
perceive  sensory  impressions. 

Somatopleure.  The  subdivision  of  the  mesoblast  which,  with  the 
attached  epiblast,  forms  the  body-walls  of  the  embryo. 

Specific  gravity.  The  relation  of  the  weight  of  a  given  volume  of 
any  sulntancc  to  the  weight  of  an  equal  volume  of  distilled  water 
at  40  c. 

Spherical  aberration.  The  different  degrees  of  refraction  at  differ- 
ent ])arta  of  a  lens  giving  rise  to  different  focal  lengtlis,  and 
causini;  an  indistinctness  of  the  image. 

Sphygmograph.  An  instrument  for  obtaining  a  graphic  representa- 
tion of  the  pulse-wave  by  means  of  a  lever  applied  to  the  radial 
artery  at  the  wrist. 

Splanctmopleure.    The  subdivision  of  the  mesoblost  which  wil 
the  attached  hypoblast  forms  the  chief  visceral  cavities  of  the 
embryo. 

Sporadic  ganglia.  Swellings  occurring  in  the  course  of  the  peri- 
pheral nerves  caused  by  a  group  of  nerve  corpuscles. 

Steapsin.  A  ferment  existing  in  the  pancreatic  juice  which  causes 
or  aids  the  saponilicatiou  of  the  fats. 

Sudoriferous  glands.  The  saiall  tubular  glands  of  the  skin  which 
secrete  the  jxirspiration. 

Sammation.    The  adding  together  of  several  single  contractions 
muscle  to  form  a  tetanic  contraction ;  the  accumulation 
stimuli. 

Sntures.  Unions  formed  by  the  direct  apposition  of  bones  without 
intervening  cartilage.     They  do  not  permit  of  motion. 

Sympathetic  nerve.  The  ganslionic  nervous  cord  on  either  side 
of  the  vertebral  column.  It  transmits  moat  of  the  vaso-motor 
impulses  coming  from  the  cerebro-spina!  centres. 

Symphysis.  A  form  of  joint  without  synovial  membrane  in  which 
the  bones  are  fixed  together  by  fibro-cartilage. 

Synthesis.  The  artilicial  building  up  or  construction  of  a  chemical 
compound  from  simpler  materials.  Natural  processes  are  not 
termed  syntheses. 

Systole.    The  period  of  contraction  of  the  heart's  moscle.  ■ 

Taorocholic  acid.  An  acid  existing  in  combination  with  soda  in 
the  bile  of  man  and  of  carnivorous  animals. 

Tetanus.  In  physiology  is  used  to  denote  the  prolonged  contrac- 
tion of  the  skeletal  muscles  which  follows  rapidly  repeated  stimu- 
lations or  nervous  impulse. 
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Thalamencephalon,  The  part  of  the  anterior  cerebral  vesicle  which 
is  left  after  the  difRireutiatioQ  of  the  optic  lobes  and  cerebral 
hemispheres. 

TliromboBis.  The  occlusion  of  a  vessel  by  a  local  coagulation  of  the 
blood. 

Trabeculae .  A  term  used  to  denote  the  supporting  bars  of  tissue 
that  pass  through  some  organs,  such  as  those  proceeding  from 
the  capsule  to  the  interior  of  the  spleen  or  lymphatic  glands. 

Trophic.     Relating  to  nutrition. 

Trypsin.  A  ferment  in  the  pancreatic  juice  which  in  alkaline  solu- 
tions converts  proteids  into  peptones. 

TyroBiE.  A  substance  formed  together  with  Icucin  during  pancre- 
atic digestion  ;  it  is  also  produced  by  putrefaction  of  proteids. 

Urachns.  The  bond  of  union  which  at  an  early  i)eriod  connects  the 
urinary  bladder  with  the  allantois  in  the  embryo  ;  it  is  subse- 
quently obliterated  in  the  fostua. 

Vaoaolei.  Small  cavities  such  as  occur  in  cells.  They  are  supposed 
to  have  important  functions  in  many  unicellular  organisms. 

Vag^ns.  The  part  of  the  eighth  pair  of  nerves  distributed  to  the  vis- 
cera of  the  thorax  and  abdomen ;  it  is  the  great  regulating  nerve 
of  the  vegetative  functions. 

Va«o-motor.  The  name  given  to  the  nervous  mechanisms  control- 
Ung  the  movements  of  the  muscle-wall  of  the  bloodvessels. 

Villus.  A  hair-like  process.  A  term  applied  to  the  small  projec- 
tions characteristic  of  the  small  intestine.  They  contain  blood- 
vessels and  lacteals,  and  are  important  in  absorption. 

Vitellus.  The  yolk  of  the  ovum,  which  in  maramali  divides  com- 
pletely to  form  the  embryo.  In  birds  only  a  part  divides,  and 
the  rest  serves  to  nourish  the  chick. 

Vorticella.  Bell  animalcule,  a  bell-shajjed  unicellular  organism 
with  a  rudimentary  ciliated  mouth  cavity  and  rapidly  contractile 
stalk. 

Wolffian  body.  An  embryonic  structure  the  forerunner  of  certain 
parts  of  the  genito-urinary  apparatus. 

Zymogen.  A  peculiar  substance  existing  in  the  secretion  of  the 
pancreas  supposed  to  give  rise  to  the  pancreatic  ferments. 
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Abdominal  respiration,  327 

Animal  heat,  expenditure  of,  429 

Absciiisa,  459 

gain  of,  430 

Absorption,  186 

mode  of  production  of,  428 

melhods  of,  198 

nervous  control  of,  430,  435 

Accelerator  nerves  of  the  heart,  277 

radiation     and     conduction    of. 

Accommodation,  defects  of,  671 

431 

meohaiiidm  of,  569 

Animals,  food  of,  89 

Acinous  glands,  125 

Anode,  501 

Adenoid  tissne,  364 

Anus,  120 

Afferent  cardiac  nerves,  278 

Anvil  bone  of  ear,  incos,  601 

nerve-fibres,  494 

Aorta,  256 

Air  passages,  322 

Aortic  arches,  704 

Air,  pressure  diflTcrencea  in  the,  336 

Apncea,  341 

volume  of,  337 

Aqueous  humor,  568 

Ampulls  of  the  semicircular  canals. 

Area  o  laca,  658 
pe  lucida,  658 

605 

Amylopsin,  162 
Albumin,  acid,  61 

Arterial  blood,. 351 

pulse,  the,  302 

alkali,  62 

svslem  in  the  fcetus,  704 

coa)^tated,  62 

tone,  312 

Albuminates,  61 

Arteries,  280 

Albuminoids,  63 

development  of  the,  705 

Albuminous  bodies,  59 

Arthrosis,  476 

Asexual  reproduction,  650                               1 

Asphyxia,  351,  358,  621 

Albumins,  classification  of,  60 

derived,  61 

tests  for,  60 

Assimilation,  23 

Alimentary  canal,  development  of, 

Astigmatism,  673 

683 

Atmosphere,  composition  of  the,  319, 

Alimentary  tract,  103 

347 

AUantoin,  68 

Atoms,  21 

Allanlois,  660,  664 

Auditory  nerve  ending,  605 

Alveoli,  335 

nerve,  cochlear  division  of  the, 

Amnion,  660 

606 

AmcEba,  32 

Auerbach's  plexus,  122 

animilation  of,  83 

Augmentation  of  nerve  cells,  518 

discrimination  of,  86 

Auricles  of  the  heart,  254 

movements  of,  75,  84 

Automatic  centres  in  spinal  cord,  613 

Analgesia,  616 

Automatism,  626 

Anastomoses,  280 

of  nerve  cells,  516 

Anelectrotonus,  506 

Axis  cylinder,  41,  495 

Animal  beat,  425 

of  spinal  cord,  611 
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^^          BMteria,81 

Blood,  re<i  corpuscles,  development  of 

^H                 wound  infection,  82 

the,  237 

^B           Diual  ganglia,  641 

serum,  215,  219 

P               Batenient  membrane,  37 

spectra  of,  234 

1                BelUdonna,  action  on  llie  e/e,  671 

tension  of  gases  in  the,  354 

1                  Bell  »niraalciile,  86 

Valentine's  method,  212 

1                 BU«,  163 

vascular  system,  development  of, 

^^_                  oom|Kisition  of,  170 

696 

^B           ■      ducts,  167 

venous,  361 

^^H                 functions  of  the,  176 

Weber's  method   of  estimating 

^^B                 method  of  obtaining,  169 

amount  of,  211 

^^B                 aitllH.  65 

Welcker'e  method,  212 

^^V                 secretion  of,  173 

white  corpuscles,  221 
Blood  corpuscles,  213 

^H                 tecta,  172 

^^^^H  Bilirubin,  172 

corpuscles,  action  of  reagents  on, 

^^^■Biliverdin, 

227 

^^^^^^  Biiiucula.r  vixion,  692 

corpuscles,  method  of  oountiog, 

^H         Biartoderm,  30 

230 

^^B                  of  egg,  0<>5 

corpuscles,  size  and  shap«  of,  898 

^H           Blind  ii|K>t,  681 

Blood  premure,  287 

^^1           Blood,  amount  of,  211 

changes  with  respiratory  more- 

^^fc                  arterial,  361 

nieDL299 
curve,  298 

^^H                 carlxin  dioxide  in  the,  240 

^^H                 change  from  venoua  to  ftileriai, 

measurement  of  the,  201 

^m 

rel.ilivc  beigbt  of.  294 

^^B                obangea  in  the  tiasuea,  364 

rciipiratory  wave  of,  299 

^^H                 changes  in  the  spleen,  36$ 

tracing.  314 

^^B                chemical  interchangea  in  reapi- 

variations  in  the,  295 

^^m                    ration,  340 

BloodvesseU,  279 

^^H                 circulation  of  the,  253 

nervous  control  of  the,  816 

^^H                 ctri-iimtilanres  influencing  ooagu- 

relative  capacity  of,  284 

^H                      lation,  244 

Bone,  60 

^H                 coagulation  of,  216,  241 

Bones  of  middle  ear,  601 

^^H                  coloring  matter  of,  231 

Brain,  629,  636 

^^B                 current,  velocity  of  the,  309 

development  of,  679 

^^1                  desiinr  of  ilie  red  disks,  237 

cfl'ect  cif  sliniulation  of,  646 

^H                   fibrin  of,  214 

fibres  and  cells  in  the,  636 

^^m                 fibrin  ferment,  218 

function  of  the,  037 

^^H                  fibrin  formation,  248 

recovery  after  injury  of,  648 
result  of  removalof  parts  of,  638, 

^H                  gases  in  the,  239,  354 

^^B                 general    characteristics  of   the, 

647 

^m           210 

ventricles  of,  629 

^^1                  Riobin,  237 

Breaking  shock,  501 

^^m                  haemntin  crystals,  236 

Bronchial  tubes,  321 

^^M                  hsmin  crystalii,  236 

Briinner's  glands,  179 

^^H                  htemoglobin  crvstaU,  232 

Buccal  cavity,  development   of  the, 

^^H                  1  iq  nor  sangu  in  IS,  2 1 3 

720 

^^H                  nitro);cn  in  the,  240 

Butter,  96 

^^H                  origin  of  white  corpuscles,  223 

^^H                  oxvgen  in  the,  239 

^H                  plasma,  58,  213 

Calabar  bean,  action  on  the  eye,  571 

^^B                 plasma,  composition  of,  216 

Calamus  scriptorius,  340 

^^^^B           red  corpuscles,  96 

Camera,  563 
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H       Cannliculi,  61 
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■       Capillaries,  252,  281 

Cholei^terin,  06,  172                           ^^^M 

^^^^rbolivtlrales,  69 

Choi  in,  66                                           ^^^1 

^^^^Bbrbonic    acid    in   the    BtmaRphcre, 

Cliondrin,  64                                              ^^M 

^^f        347 

Chorda  dorsalis,  or  notochord,  672         ^H 

^^^^       in  expired  air,  348 

Choroid,  555                                     ^^H 

H               ROB.  72 

Chorion,  666                                       ^^^H 

■       Cardiac  centre  in  medulla  oblongata, 

Choroidal  fissure,  713                        ^^^1 

■                   634 

Chromatic  »l>erration,  572                 ^^^^| 

H               nerve  centres,  274 

Chyme,                                                ^^^^H 

■       Cardingnipli,  2^8 

Ciliary  ganglion,  526                        ^^^^^ 

^1       Cartilage,  elastic  libnv,  60 

nniitcle,  556                                  ^^^^f 

B             hyaline,  50 

processes,  655                                    ^M 

^m             omifying,  52 

Ciliated  epithelium  of  bronchi,  323         ^M 

^B               white  filiro-,  50 

Circulation  of  the  blood  in  the  foetus,       ^M 

■       Casein,  (>2,  380 

699,  706                                                  ■ 

■       Catelectrotonus,  506 

Circulation,  phrsical  forces   of  the,        H 

■       Cathralc,  .501 

285                                                             ■ 

■       Cell  contents,  29 

Circumvallate  papilW,  125,  548                ^| 

H               modification  of  original,  32 

Cochlea,  604                                                ■ 

H               reproduction,  77 

basilar  membrane  of,  607                  ^H 

■              wall,  26,  28 

development  of  the,  717                    ^U 

■       Cells,  25 

nerve  endings  in  the,  604                  ^H 

^k              animal,  26 

organ  of  Corti,  606                             ^H 
rods  of  Corti,  606                              ^M 

^m             budding  of,  78 

^M             development  of,  33 

reticulated  membrane  of,  606          ^U 

H              differentiated,  31 

Cold-bloode<]  animals,  426                        ^1 

^m              endogenous  reproduction  of,  78 

Colon,  119                                             ^^M 

H              indifl'erent,  30 

Colostniffl,  380                                   ^^^M 

^M              in  spinal  cord,  automatic  action 

■                of  626 

^P             life  history  of,  78 

Color  perception,  586                       ^^^H 
Common  sa  t,  73                                      ^H 

Complemental  air,  337                             ^H 

H              nerve,  494 

Complementary  colors,  587                       ^H 

H               varieties  of,  30 

Connective  tissue  corpuscles,  49               ^H 

■       Cellnlotie,  83 

Contractile  tissues,  42,  44,  438                  ^1 

■       Centrihigal  nerves,  494 

vesicle  of  psramiecium,  85                ^H 

H       Centripetal  nerves,  494 
H       Cephalic  or  head  fold,  659 

Convex  lenses,  563                                     ^U 

Convergence  of  rays  of  light,  566            ^| 

■       Cerebellum,  636 

Convulsions,  620                                        ^H 

H       Cerebral  functions,  localization  of  the. 

Coordination,  639                                       ^H 

■                  646 

of  muscidar  movements,  610            ^U 

■              hemispheres,  637,  644 

of  nerve  cells,  516                             ^H 

■       Cerebrin,  66 

Cornea,  565                                              H 

H       Cerebrum,  histology  of  the,  643 

Corpora  quadrigemina,  621,  636              ^H 

■        Cervix  uteri,  669 

striata,  641                                          ^H 

H        Chalaza  of  eggs,  655 

Corpus  calloaum,  629                       ^^^^H 

H        Changes  in  pancreatic  cells,  158 

Corpuscles,  blood,  213                     ^^^H 

■       Cheese,  96 

ofHaasall,  364                          ^^H 

H       Chemical  elements,  21 

Malpighian,  365                        ^^^H 

H               basis  of  body,  54 

salivary,  129                                ^^^H 

H              stimulation  of  muscle,  449 

Coughing,  345                                   ^^^H 

H              stimulation  of  nerve,  499 

centre,                                         ^^^H 

H       Chloride  of  sodium,  73 

Cranial  nerves,  320                            ^^^^| 
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MnKta^i^MO 

Ear,  aoiiitMj  canal,  6M             Y^^l 

Ommi»,U» 

oownBctiottotfaumd  Uuvnibii  tn^^^^l 

Cyioil..*7      • 

BiMlaebian  tii>>e.  603            ^^^M 

DMWTa  iMIarr,  MO 

labyrinth  «f  the.  590.  603    ^^^H 

DMidia  nflna.  ««S 

nerre  «niiing»  in  the,  604    ^^^^H 

wrocinA,  665 

origan  of  Corti,  606                ^^^^| 
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oMiclcs  o£  600                      ^^^^1 
•emicirctilar  canals,  604        ^^^^| 

Daicotion,  mechuiMin  of,  119 

J>«|[lutili<m,  106 

tTmpaniim  o(,  509                        ^^^| 

H                    P«rToiia  Dicrfaaniaiii  of,  1 1 1 

ofbird^599                         ^^^M 

^H           Ptpiuiurnwre,  314 

of  Ciihes,  598                          ^^^H 

^^H                  Devrlnnmonl     Af,f, 

Ectoderm,  33                                 ^^^H 

^H                                     .  V  <:]initl.  6H2 

Et-towrc  of  paramcciorn,  86               ^^^| 

^^B                 11               ivKicm,  704 

Kflerent  nerve  6bre9,  494             ^^^H 

^^1                 of  lil<KKi  vuxcuUr  i^Rtem,  696 

Ktfete  pmtliictx,  67                        ^^^H 

^H                  of  brain,  679 

Egg  albumin,  60                            ^^^^^| 

^H                 ufmr,  716 

Egg,  development  of  the,  654       ^^^^| 

^m                  of  eye,  710 

F:gg8, 98                                              ^B 

^H                 of  Kt-nito-nrinary  appftratut,  680 

Kla*tin,  65                                              ^ 

^H                   of  lu'nrl,  6t)(t 

KIcclric  sliock,  500 

^H                  of  kiilnovH,  692 

Ktinuilation  of  muscle,  449 

^H                    ofhvcr.OHB 

xti  mutation  of  nerve,  500 

^H                  of  liiiiKo.  6»<8 

Electrodes,  non-poUriznble,  4-46 

^^M                  o(  noM  nnii  mouth,  720 

ElectrotonuH,  504 

^H                   of  moiilmgiM,  6H8 

Embryonic  chick,  558 

^^H                    of  iiiincrpn*,  <M8 

Emmetropic  eye,  569                   ^^^^^H 

^^B                  of  Kcziial  orRaiiH,  694 

Emultiification,  161                       ^^^^^H 

^m                  ofiikiill  and  face,  710 

End  bulb*  (Kraiise's),  53«           ^^^B 

^^H                   of  Mpitiitl  roril,  677 

Endodprm,  Xi                                         ^H 

^H                   of  ii|>lu<.<ii,  688 

Emiogeiiuus  division  of  cells,  78^^^^B 
EndoFvmph  of  inner  ear,  602      ^^^^H 

^H                 of  vcnouii  nytlem,  707 

^H          Dcxtm««,  7U 

Endomirc  of  paramsclum,  86       ^^^^H 

^M           DiapliniKM).  329 

Endothelium,  194                                ^H 

^H           Diiuitolp,  263 

Epiblasl,  30,  35,  658                      ^^^U 

^H           r>iot  Ultlr.  423 

Epithelial  tisiue,  35                     ^^^^H 

^H           I>i|t<wtioii,  iiKH'lianiiini  of,  103 

Epitheliuu),  ciliated,  3S               ^^^^H 

^H           Dioptric  apiHirnliix,  dcfecta  of,  572 

columnar,  38                          ^^^^^H 

^H                    iiicHlia  ofpvrliall,  559 

glandular,  38                         ^^^^^| 

^H          DInKi  vinion,  583 

»caly,  38                                 ^^^B 

^H           DiMiin  pr<ilig«nu,  MS 
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^^B          r>runi  of  the  ear,  600 
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Expiration,  muscles  of,  333 

Gelatin,  64,  421 

Eye,  b-M 

Gemmation,  77 

<Jevelo|)tnent  of  llie,  710 

Genitourinary   apparatus,    develop- 

dinptricK iif  llie,  502 

ment  of,  6.S9 

1                    iiiotor  nerve  of  the,  620 

Germ  epithelium,  651 

1                    range  of  distinct  vision,  568 

Germinal  spot,  654                            ^H 

tunics  of  tlie,  555 

vesicle.  654                                 ^| 

Eyeball,  dioplric  media  of,  558 

Giddiness,  547                                    M 

Eyebiills,  muvemenw  of  the,  690 

Gills,  320                                            ■ 

miuclea  of  llie,  591 

Glands,  agniinnte,  364                      JH 
blood-elaborating,  360               ^| 
lachrymal,  374                            ^M 

Face,  Jevelopment  of  the,  718 
Fallopian  tube«,  053 

mammary,  378                            ^M 

meibomian,  378                          ^M 

Fats  71 

mucous,  375                                '^M 

Fehling'a  solution,  141 

sebaceous,  377                             ^M 

Fever,  variations  of  temperature  in, 

stidoriferooa,  383                         H 

434 

Globulin,  61                                        ■ 

Fibrin,  G2,  214 

Glosso' pharyngeal  nerve,  527          ^| 

Fibrinogen,  61,  217 

Glottis,  322,  483                               ■ 

Fibrinoplnnlin,  218 

GIvcin,  (i8                                          ■ 

1             Fibrous  tissue,  47 

GlVco-cholic  acid,  60,  171                ■ 

Fiek's  pendiiltim  myogrsph,  458 

Glvcoctdl,  68                                       V 

'                    spring  mnnonieter,  247 

Glycogen,  70.  370 

Filiform  |mpiUtc,  12->,  548 

preiMjnttiiin  of,  371 

Ffpcea.  184 

Glycogenic  ftinction  of  liver,  369 

Foetnl  circulation,  699,  706 

Gmelin's  IcM  for  bile,  173 

Food,  changes  in  the  mouth,  139 

Goblet  cells,  39,  196                           ^ 

chemical  composition  of,  92 

Graatian  follicle,  652                           H 

inorganic,  92 

Grape  sugar.  70                                  ^M 

organic,  91 

Graviil  uterus,  6ti9                             ^M 

requirements,  90,  416 

Gustatory  nerves,  548                       ^| 

special  forms  of,  93 

Buitnble   proportion  for  healthy 

nourishment,  423 

Hammer  bone  of  ear,  malleus,  601 

Btufls,  ultinmte  use  of,  423 

Haversian  system,  61 

Foramen  ovale  of  foetal  heart,  698 

Hearing,  594 

Fovea  centralis,  564 

Heart,  251 

1            Fungiform  papillsp,  548 

action  of  drugs  on  the,  277 
dcvelopinenl  of,  696 
innervali(ui  of  the,  271 

Gall-bladder,  175 

movements  of  the,  262                ^1 

Galvanometer,  446 

muscle,  2.^7,  440                         ■ 

Ganglion  cells,  40,  513 

muscular  Hbres  of,  256               ^M 

in  the  spinal  cord,  Oil 

rhythm  of  the,  263                      ■ 

heart,  43 

sounds,  269                                  ^M 

syinpalhelic,  43 

valves  of  the,  254,  259                ■ 

Gastric  glnniis,  144 

work  done  by  the,  31 1                ^M 

Gastric  juice,  action  of,  149 

Heart  beat,  cycle  of  the,  206             B 

characters  of,  145 

Heart's  impulse,  266                          ( 

mctluMl  of  obtaining,  146 

Heat  regulation,  437 

secretion  of,  147 

Hepatic  vein,  165 

Gastrulii,  34 
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^H           Hippiiric  ttcid,  60 

Irrespirable  gases,  356              ^^^^| 

^^M                    in  urine,  400 

Iris,  556,  574                              ^^H 

^^K           Holoblastic  ovnm.  057 

^^^^^M 

^H           Hotnoeothermir  teni|>eniture,  425 

^^^^^M 

^H            Huncer  and  lliirel,  540 

^H            Hvaloid  intrmbrane  of  eye,  558 

Jejunum,  119,  183                     ^^^^| 
475                                 ^^H 

^H            Hydnicelc  fluid.  216 

^^^^^1 

^^M            Hydroc-lilorii'  acid,  72 

^^^^H 

^^M            lIr|>ennetropta,  571 

Keratin,  C5,  385                               ^H 

H           H7|»4>lu>t,  30,  34,  658 

Kidney,  bloodvemels  of,  389            ^H 

^H            Hypoglonal  oerre,  531 

convolute<{  tubc?i  of,  388            ^^M 

development  of  the,  592            ^^t 

glomerulus  of.  390                      ^H 

H            Idea*,  545 

pyramids  of,  389                   ^^^^B 

^H            Ileo-cffcal  vaWe,  118 

structure  of  the,  388          ^^^H 

^1             Incus,  601 

Krealin,  67,  406                        ^^^H 

^H             Indican,  69 

Kreatinin,  68                                "^^^H 

^1             Indilferent  ^ase«,  350 
^H             Indim-t  vision,  583 

in  urine,  400                                ^^H 

Kymograph,  Lndwig's,  293              ^H 
Fick's  spring,  297                      ^^| 

^m             Indol,  69 

^H             Induced  current,  502 

^H             Induction  coil,  Du  Bois  Revroond's, 

Kymographic  tracing,  314        ^^^^M 

^^^^^M 

^1                 451 

^^^^H 

^H             Infusorium,  85 

Labvrinth  of  ear,  594,  596,  603  ^^H 

^H            Inhibition  of  nerve  cells,  516 

Laclirvmal  glands,  374                       ^H 

^H             Inhibitory  action,  021 

I^cleills,  180,  187,  196                     ^M 

^^1            Inorznnic  bodies,  71 
^B             InoKit,  70 

Lactic  fermentation,  70                     ^^| 

LactoKe,  70                                   ^^^^^m 

^^M             Iimalivaliiin,  139 

^^^^H 

^^K            luspiration,  327 

Larynx,                                       ^^^H 

^M                    forced,  332 

anatomy  of,  483                  ^^^^H 

^^M            Inspiratory  muscleti,  329 
^H             Intercelliiliir  nubstanec,  28 

Intent  period,  460                     ^^^H 

Lateral  plates  of  embryo,  673         ^^M 

^H             Interctwlal  niuscle't,  331 

Laughing,  345                              ^^^H 

^H             Interlobular  vein,  166 

Law  of  contraction,  510             ^^^^^t 

^H             Interstitial  absorption,  188 

Lecithin,                                      ^^^H 

^H              Intestinal  absorption,  195 
^H                      juice,  functjons  of,  181 

Lens,  crvsulline,  559                ^^^^H 

Leucin,68.  161                          ^^^H 

^H                     motion,  nervous  Diechanism   of. 

Leucocytes,  221                         ^^^^| 

■                        121 

Levatores  costarum,  331            ^^^^H 

^m                    lecretion,  178 

Levers,  onlers  of,  475                ^^^^^| 

^H                     secretion,  method  of  obtaining, 

Lieberkiihn's  folliclea,  179                ^H 

H                         180 

Light  imprewions,  578                       ^H 

^^m                   movements,  117 

Light,  stimulation  of  retina  by,  585^^ 

^^l            Intestine,  development  of,  685 

Listing's  mensureinents,  566 

^^^_^            larf^e,  183 

Liver  cells,  166 

^^^^h            lymph  follicles  of,  107,  198 

Liver,  development  of,  087 

^^^^H            putrefactive  fermentation  in  the. 

glycogenic  function  of  the,  36ilL^^ 

^^H 

Hlnicture  of,  165                          ^H 

^^^^^r            structure  of  small,  178 

Long  sight,  571                                 ^H 

^            Intralobular  vein,  165 

LujDenof  cell,  158                           ^H 

^H             Inversion  of  the  image,  565 

Lungs,  321                                       ^H 

^H             Irradiation,  584 

Lung  sounds,  334,  339              ^^^M 

V^^^^H^^^^^H 
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Lung  tiBsitc,  323 

Milk,  composition  of,  380,                               ' 

Lungs,  develojiment  of,  887 

influence  of  nervous  system  on 

Lymph  and  .;liyle,  204,  360                  1 

secretion  of,  382 

^^L               vorptmcle^,  205 

mode  of  secretion  of,  381 

^P               follicIcR,  11)7,  108 

Milk  sugar,  70,  380 

^^^                movement  of  llie,  207 

tests,  95 

s[)a«'8  in  tendon,  181 

Mitral  valve,  255 

Lyniphiilio  glands,  190 

Moist  chandler,  458 

Lymphatics,  187 

Molecules,  22 

Morphology,  17 

Morula,  33 

Making  shock,  499 

stage  of  the  ovum,  657 

MalaBsez'    apparatuR     for    counting 

Motor  nerve  roots,  517 

1                   blood  eorptiHcIcs,  229 

Mouth,  development  of  the,  720 

Male  and  female  genenUive  elements, 

Mouth  digestion,  125 

j                    origin  of,  650 

Movements  of  the  bodv,  477 

Malleus,  (101 

Mucin,  64,  375 

Malpigliian  bodies  of  spleen,  368 

Mucous  glands,  375 

corpnsi'Ie»  of  kidney,  389 

of  tongue,  128 

Mammary  gluii(!.«,  ,S78 

tis-Hue,  46 

Mastication,  104 

Mullerinn  duct,  691 

Meal,  97 

Muscles,  antagonistic,  475 

Mechanical    stimulation   of    muscle, 

of  the  eyeball,  590 

450 

of  maslicnlion,  104 

of  nerve,  499 

origin  and  insertion  of,  474 

Mercuriii!  muiiometer,  290 

synergetic,  475 
Mnscle,  42 

Medullu-oblongaUt  ii»  central  organ, 

1                           (J30 

active  state  of,  448 

^^L               as  conductor,  628 

change  in  form  during  contrac- 

^^f              decuNNxtion  of  fibres  in,  629 

tion,  457                                                   1 

'                       respiratory  centre  in,  630 

changes  in  sinicture  during  con- 

vasomotor centre  in,  632 

traction  of,  452 

Medullarv  cinal,  672 

chemical    changes  during    con- 

fold«i658, 671 

traction  of,  452 

groove,  658,  672 

chemical  change  in,  443 

shenlh,  43,  496 

chemical  composition  of,  442 

Meibomian  glands,  378 

consistence  of,  442 

Meissner's  plexus,  123,  147 

contraction  of,  457 

Membrane  of  Kcisncr,  60<! 

elasticity  of,  443                                         i 

MembruiH'S  of  llic  chick,  060 

electrical  change«  in.  464 

Memory,  545 

electric  phenomena,  445 

Menstriiation,  668 

fatigue,  461,  468 

and  oviduiion,  653 

heart.  267 

Merobhixtic  ovum,  657 

histology  of,  439 

Me«enreplialon,  the,  637 

irrilJibility  of,  448 

Me*obla.Ht,  30,  34,  658 

latent  jieriod,  460 

Metabolism.  360 

nmxiniura  contraction,  464 

Mctazoii,  33 

natural  currents  in,  445 

Micrococci,  80 

negative   variation    of   current, 

Micturition,  409 

463 

nervous  mechanism  of,  411 

non-Btriated,  44 

Milk,  94 

passive  state  of,  442 

^^B.                action  of  gastric  juice  on,  1^ 

plasma,  58,  443 

V^^^H 
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^^^^JIiBcle,  rcooniing  contraction  of,  468 

Nerves,  reflex,  496                       ^^^^| 

^^^B        wnioi,  442 

secretory,  496                        ^^^^| 

^^^^H         tingle  contractioo,  459 

aensorr,  496                            ^^^^B 

^^^^H 

special  physiology  ot,  517           ^^H 

^^^m          (triited.  44,  440 

spinal,  517                                ^^^H 

^^^^M           (ummation,  404 

vaio-motor,  497                    ,^^^^H 

^^^^B            temperature  change  during  COD- 

white,  496                             ^^^^B 

^^^r                   tmctiun,  456 

third  pair  of.  520                  ^^^H 

^H                tctAnug,  465 

fourth  pair  of,  521                 ^^^^^B 

^H                 t<me,  -iOT 

fifth  pair                                 ^^^H 

^^H                   unnlriste)),  473 

sixth  pair  of,  522                    ^^^^^B 

^^H                  variatiuns  in  the  xingle  oontmc- 

seventh  pair  of,  523              ^^^^^B 

^H                              462 

eighth  |>air  of,  527                 ^^^^H 

^^M                 wave  of  oontraclion,  4(13 

ninth  pair  of,  531                    ^^^^H 

^^H          Miucle  plates  of  embryo,  675 

Nerve  cells,  40                              ^^^^H 

^^H          MuMCiilar  coordination,  619 

functions  of,  513                   ^^^^^| 

^^M                atimuli,  different  Torms  of,  449, 

retina,                                ^^^^^H 

^m                    450 

bipolar,                                     ^^^^H 

^^^^  Miiacularia  mncone,  118,  143 

multipolar,  43,  513                ^^^H 

^^^■MiMJcal  notes  or  tones,  596 

tinipniar,                                 ^^^^^H 

^^^^TUvographB,  458 

corpuscles,  494,  511               ^^^^^B 

^H          Myopia,  671 

endings,  536                            ^^^^H 

^^^  MyoHin,  G1.442 

fibres,  40,  494                          ^^^M 

^^^^^L 

chemistry  of,  498                   ^^^^H 

^^^^^M 

fatigue  of,  506                        ^^^^^H 

^^^^■llaml  ganglion,  520 

irritability  of,  506                                  4 

^^^VlTauaea,  647 

Nerve  muscle  preparation,  456,  499          J 

^^^^^  Negative  after  image,  584 

Nervous  iivslcm,  494                              ^^J 

^^F                 variation  of  ninxcle  current,  455 

nie<lu'lls  oblongata,  628               ^^B 

^^1           Nerve,  active  KtJitc  of,  499 

reflex  action,  (ji7                    ^^^^^B 

^^M                luicendinK  and  descending  cnr- 
^H                      rcnti«,  509 

spinal  cord,  494                      ^^^^H 

Xeurin,  66                                    ^^^^H 

^^H                 •lectric  properties  of,  498 

Neuroglia,                                      ^^^^M 

^^m                 electric  change  in,  504 

Neuro-  muHculor  cells,  39             ^^^^^| 

^^B                 elcctrotoniiH,  i504 

Nitrogen,                                         ^^^^H 

^^B                 force,  velocity  of,  502 

expired  air,  348                ^^^^H 

^^B                 uiitunil  currents  in,  49S 

in  the  atmosphere,  347          ^^^^H 

^^B                 optic,  554 

Nose,  551                                               ^H 

^H                timne,  3ft 

development  of  the,  719        ^^^^B 

^H                roou,  517 

Noloi'hord,  653                               ^^^^1 

^^H                 Htiniiilatioi),  negative  variation, 

Nucleolu!),  25                                 ^^^^B 

^m                   504 

NucleuR,  25.  27                            ^^^H 

^B                Btimuli,  499 

Nutrition.  413                              ^^^^H 

^V                  terminnlK,  510 

and  food  stufll,  88                   ^^^H 

^H          Nerves,  afferent,  40,  496 

tiitsue  changes,  414                      ^^H 

^H                 cranial.  520 

^^^^^H 

^B                 cfl'erent,  40,  496 

^^^^^B 

^^B                excito-motor,  496 

Odontoblssis,  106                         ^^^^| 

^m                gray.  496 

fFsophagus,                                    ^^^H 

^H                inhibitory,  496 

development  of,  688              ^^^^H 

^^M                intcrcent'ral,  497 

Olfactory  bulb,  552                        ^^^H 

^^P                mixed,  517 

mucou8  membrane,  652       ^^^^^^t 

^^                motor,  496 

Omphalo-mesenteric  vessels,  7Q^^^^^H 

I^^^BI^^^^^" 

^^^p 

1               Ophthalmoscope,  577 

Penpiration,  effect  of   nervoiu  in- 

f              Oplic  axis  of  the  evf,  664 

fluence  on,  385 

L disk,  577 

insensible,  383 

^^               lobw,  039 

quantity  given  off,  384 

^H              nerve,  5h0 

sensible,  384 

^^H              nen'e,  (erminak  of  the,  681 

Pettenkofer's  test  for  bile,  66,  172 

^H               Ihalaiui,  041,  (M3 

Peyer'g  patch,  199 

^^               vesicle,  711 

Phnkoacope,  570 

Ora  serrciln,  583 

PImrvni,  lunacies  of,  108 

Organ  of  Corli,  006 

Placenia,  GfJG,  701 

•Organ isitis,  charactera  of.  20 

functions  of  the,  670 

vilal  characters  of,  74 

Plants,  food  of,  88 

Ossicles  of  Ihe  middle  ear,  600 

Plasmata,  56 

Oagifying  cartilage,  52 

Piciira,  function  of  the,  334 

Ofteoblanti,  51 

Pneuniogaslric  nerves,  343,  528 

Otic  ganglion,  527 

Pneumothorax,  335 

vesicle,  606 

Poikilotliermic  animals,  426 

Otoliths,  606 

Poisonoiis  gases,  350 

Ovarv,  652 

Polarizing  current,  505 

Ovoid  cells.  133 

Pons  Varolii,  636 

Ovum,  650 

Portal  bl.wd,  367 

Ovimi,  cliunKes  in  the,  656 
Oxalie  aci<i  in  urine,  401 

vein,  165 

Portio  dura  of  seventh  nerve,  522 

Oxygen,  73 

mollis  of  seventh  nerve,  594 

in  expired  air,  348 

Prirus  opticus,  581 

in  llic  atmosphere,  347 

Positive  after  image,  684 

i                Oiyha."iui>globin,  58,  352 

Polttssiuni  chloride,  73 

Potatoes,  100 

Presbyopia,  572 

Paccinian  corpiiacles,  538 

Primitive  groove,  34 

Pain,  505 

nerve  gheatli,  42,  496 

Pancreas,  development  of,  687 

streak.  671 

stnicttire  of,  155 

Products  of  tissue  change,  06 

Pancreatic  digestion,  160 

Prolamceba,  27 

Pancreatic  juice,  composition  of,  156 

Protagon,  66 

mode  of  secretion  of,  156 

Protista,  32 

Papillie  of  tongue,  125,  549 

Protococcns,  83 

Parat;lubiilin  (flbrinoplastin),  01 

Protoplasm,  21,  27,  57 

Paruniitciuni,  35,  85 

effect  of  chemical  stimulation,  76 

Parapeplone,  150 
Parietal  cells,  145 

effet't  of  electric  stimulation,  76 

effect  of  mechanical  irritation  of, 

Parotid  gland,  129 

76 

Pavj-'s  holution,  HI 

eflect  of  tem{ierature  on,  75 

Peduncles  of  cerebrum,  629 

sensitiveness  of,  70 

Pepsin,  150 

movements  of,  75 

Peptic  cells,  145 

Protoplasmic    movements,    differen- 

Peptone, 63 

tiation  of,  438 

conversion  of  proteid  into,  161 

Protovertebra,  674 

tests  for,  63 

Protozoa,  33 

Perception,  534 

Pseiidopodis,  76 

Perilymph  of  inner  ear,  602 

Ptralin,  140 

Peristaltic  contraction   of   intestine. 

Piicrile  breathing,  339 

114,  122 

Pulmonary  capillaries,  360 
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[            746 

' 

INDEX. 

^"          Pulse,  (lie.  302 

Rctina,  stnictnre  of,  580 

t                          Irniinffs,  30."i 

1                         vuri&iioiiH  in  the,  307 

RcvolvinR  cylinder,  292 

Rheoscopic  frog,  455 

1                 PupiJ  of  »ye,  56(1 

Rilw.  324 

1 Pupil,   circumsUnocB   oflectiog    the. 

Ri(5or  mortis,  471 

^L                    576 

Ritter's  tetanu.s,  .>00 

^^P               contraction  or,  STU 

Rods  ami  coneA,  .531 

^^                  diUtntion  of,  676 

of  Corli.  007 

1                 Pylorus,  114 

Rotation  of  the  eyeball,  590                           1 

^^          Quadntns  lumboruro,  330 

Saccules  of  ear,  717                                          1 
Saccniateil  glands,  125 
Saliva,  composition  of,  129 

P                 Rnnvier's  nodes,  40,  495 

Salirarr  corpiiHcles,  129 

1                  KetfpKiciiliMii  cli.vli,  UIO 

gla'nds,  126 

1                   Keoiirding  np|i»rnlu8,  292 

.Salivary  secretion,  nerve  mecbanUm 

1                 Kec'ti  niimclifi  <if  the  eye,  591 

of,  132 

^^m           ]<edex  lu^tirin,  -ilb 

method  of,  130 

^^m                 experiment  on    humiui 

subject. 

Saponiticntion,  101 

^K 

Snrcolactic  acid,  453 

^^B                ex|)erinient  on  frogn,  UK 

Sarcou.'i  clenienis,  441 

^^P                  in  the  spinnl  rord,  016 

Snrcolemmo,  4.3,  440 

theory  of,  022 

Scnlcni  muscles,  331 

Keflex  fciitren,  B|iecial,  625 

Scheiner's  ex|>eriment,  567 

Reflexion,  «20 

Sclerotic  coat  of  eye,  556 

of  nerve  rells,  516 

Sebaceous  glands,  377 

Ki-fr.H-tion,  502 

Secretions,  374 

licfriiriiiiK  nie<liii  of  the  eye, 

664 

SeiTeiinK  gland  eel  Is,  ch.tngei  in,  137 

UfpriKlui'tion,  061 

Segmentation  in  the  ovum,  057 

Ki-wrve  nir,  a:i7 

Semicircular  canaU,  004 

Kwidiiiil  nir.  337 

development  of  the,  717 

Ilenpirulion,    aflercnt    and 

eflerent 

•Semilunar  valves,  255 

nerves,  ;143 

Sensations,  general,  645 

^^B                   iindiiDatic  nerve  centre, 

342 

Sense  of  touch,  535 

^^B                  cheiiiiKtry  of,  347 

Sensorinm,  541 

^^H                dillert^ncx-H  in  male  and 

female. 

Sensory  nerve  roots,  517 

^H                    328,  34U 

.Scrraius  posticus  inferior,  333 

^H                external,  319 

Scrum  albumin,  00 

^H                 internnl  or  timue,  319,  355 

Seventh  nerve,  494 

^^1                 mechanism  of,  318 

Sexual  distinction,  693 

^^H                 nervous  mechani»in  of,  339 

organs,  development  of  the,  694 

^^V                 of  ahnornisl  nir,  355 

Shivering,  547 

^^                   variations  of  pressure  in 

336 

Sighing,  346 
Sight,  long,  571 

1                  Respirations,  rate  of,  327 

^^1            Ktsspiralory  centre  in  mcdull 

a  oblon- 

short,  571 

^B                      guta',  030 

Skeletal  muscles,  474 

^H                  gM  interchange,  349 

Skin  sensations,  635 

^m                 sounds,  339 

Skull  and  face,  development  of  the. 

^M          Rwtiforni  bodies,  029 

718 

f                Reticulum.  305 

Smell,  sense  of,  551 

1                 Retina.  55«,  .■i«7, 577 

Sneeiing,  3t"j 

1                        slJmiilation  of  the,  683 

i-entre,  631 

^B^^^^^^^^^^^l 
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Sobbing,  345 

Splnnchnopleure,  661 

Solar  spectrum,  587 

Spleen,  365 

Somntopleiire,  COO 

changes  of  blood  in,  368 

Sound,  ■)'J4 

development  of,  688 

amplitude  of  vibration,  696 

functions  of  the,  367 

^m                 ciinfiurtion  of,  59S 

Splenic  pulp,  366 

^^H                cnndiidion  of,  llirouKh  the  ear, 

Sputum,  376 

^H 

Standing,  478 

^^M               conveyance  of,  in  cochlcn,  C07 

Slupcdins  muscle  of  ear,  602 

^H                over-tonest,  597,  Ii09 

StajK-s,  601 

^H                pitch  of  note,  696 

Starch,  tests  for,  141 

^H                qunlilT  of  notes,  596,  609 

into  grape-sugar,  conversion  of, 

^^H                rule  or  ])eriod  of  vibration,  595 

140 

^^H                 tunc,  nniiie,  608 

Starvation,  414 

^^H                tones  or  niiiKical  notes,  596 

Stationary  air,  338 

^^H                Irnnsmisiiion  of,  596 

Steno's  duct,  128 

^^"                  Irannniii'sion  of,  to  the  brain,  609 

Slcapsin,  llil 

^                 Sounds,  clasBilioiilion  of,  492 

Stirrup  Imnc  of  ear,  stapes,  601 

Special    reflex   centred,   micturition. 

vStonuK'h,  digc-tion,  143 

etc.,  625 

epithelium  of,  144 

,                Si>eci!il  senses,  532 

development  of.  685 

^^               Bmell,  551 

structure  of,  113 

^H               taste,  548 

motion  of,  113 

^■^               touch,  539 

nerve  influence  on,  114 

vision,  554 

Striated  muscle,  440 

Spectrum,  solar,  587 

Sublingual  gland,  129 

Speech,  491 

Submaxillarv  ganglion,  527 

Spcrnmlozoa,  650 

gland,  129 

Sphcuopatntinc  ganglion,  526 

Sudoriferous  glands,  383 

Spherical  aberration,  573 

Summation,  464.  620 

Spliygniograph,  MareyV,  304 

Supru-renai  rapule,  362 

Spinal  aeceswiry  nerve,  528 

Susf>en9ory  ligament  of  lens,  660 

Spinal  cord,  611 

Sutures,  475 

Biitomulic  centres  in  the,  Oil 

Swallowing,  107 

^^_                  centres  presiding  over  tonic  nnis- 

Sweat,  clieuiicnl  comiMwition  of,  384 

^^B                    cuUr  ttintraction,  626 

Sweat  glands,  :J83 

^^H                coordination  of  movements,  618 

Sweating  centres  in  spinal  cord,  626 

^^m                decussation  of  fibres  in  the,  616 

Symphysis,  476 

^^H                development  of,  677 

Kvntonin,  61 

^^B                direction  of  nerve  fibres  in  the, 

^m          614 

^H                eflect  of  section  of,  616 

Systole,  263 

■ 

^^B                ganglion  cells  in  tlie,  611 

Tactile  nerve  endings,  61 1 

^^B                 nerve  cells  in  the,  612 

Tamlwur,  M/irev's,  268 

^^H                 reflex  action  in  the,  617 

Tajste  buds,  648 

^^H                sweating  centres  in  the,  026 

sense  of,  548                                              j 

^^V                 vaso- motor  oentren,  626 

Taurin,  68                                                         | 

^f                  white  and  gray  substance  of,  611 

Tauro-cholic  acid,  66,  171                              1 

^^           Spinal  giinglion,  519 

Tegmentum,  040                                              " 

[                  Spinal  nerves,  517 

Temperature,  external  varialioiu  of, 

1                         anterior  and  posterior  roots  of, 

435 

I                             615 

internal  variations  of,  434 

^^          Spiral  lamina  of  cochlea,  605 

maintenance  of  uuiforni,  432 

na>Ex. 
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ttmimit,  460 


COOrtflKtiOQ  ^  Stt 

1Vw>faiid.aM 
TkTioU  todr,  963 

iig«,414 
,  clMaUkeMion  ol^  SS 
ooatnMtK4M 
-ntitWtkm,  M7 

pi|iilU  of,  18S 
Tonic  cntitnii'lidii,  .Ht2 
TmnJi,  rniKU  |>rlr<»ii,  106 

dMitiiie,  IU5 

•oatiirl,  104 

pulp  CTivilT,  105 
Tonila  ccrrvUi*  (yoast  plant),  82 
Toiicli  «ir|iii«-li"s  iMeixaner's),  530 

nciiM-  of  Uxalily,  ttS'i 

•cnw  of  proHUi'c,  542 

(«itiiK'rm.liir«  sense,  MS 
TrulHHiilii",  19lt 

of  iiiilc>cn,  '165 
TriangiiUrls  Hieriii,  33^ 
Trioimpiil  vnlvc,  264 
TrlRrniimw  ner»e,  523 
TnH'lili-ar  neivc,  521 
TniiniiuT'K  tenl,  141 
TrvpKin,  169 
TiAmli  »cuiitiifc-ri,  051 
TiinirA  nilvciiliti»,  28U 

fibrosK,  A63 

eniniilosa,  663 

inlima,  281 

media,  'H^O 

prupria,  653 

vanculuM,  053 


l^atiag  fork,  detooottru&m  of  vibn- 
tioiM,69S 
nMa  of,  in  me—nriiig  tinM^  4&A 
Tympanic  membiaae,  6M 
lyrwin,  68,  18S 


Umbilical  TcaMb,  701 
rmbiliciiii,  062 
UnicellnUr  oismnisms,  32 
Uo»lrikted  moacle,  439^  479 
UrachiM,  666 
Urea.  67,  397 

source  of,  406 

prpiuiration  of,  398 

Tolumelric  mtimation  of.  39V 
Uric  acid,  08.  399 
Ureter*,  408 
Urinary  calculi,  404 

excretion,  387 

secretion,  nervous  mechanism  ot, 
407 
Urine,  391 

abnormal  constitnenti«  of,  403 

chemiciii  comp<>)ition  of,  397 

coloring  matters  of  the,  401 

KSKcs  in,  403 

inorganic  salts  in,  402 

paaaoge  into  bladiier,  408 

specific  gravitv  of,  393 

secretion  of,  3i)3 
Uterus,  667 
Utricle  of  ear,  716 


Vacuoles,  25 

of  paramaeciura,  86 
Vagus  nerve,  277,  529 

effect  on  rcspimlion,  344 

effect  on  heart,  276 
Valnalva's  experiment.  602 
Valvula>  connivenles,  178 
Vaao-nintor  centre  in  medulla  oblon- 
gata,  632 

ocntres  in  spinal  cord,  626 

nerves,  312 
Vascular  system,  development  nf,  096 
Vas^eferens,  develupmenl  of,  691 
ViRMable  celK  25 

action  of  tight  on,  88 
VcMtabl*  food,  98 
Veu>s,S83 
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Veins,  development  of  the,  706 
Velocity  of  blood  current,  308 
Venn  adrehenteo,  703 
Vena  porta,  369 
Venous  blood,  351 

system,  development  of  the,  707 
Ventilation,  357 
Ventricles  of  brain,  629 

of  heart,  254 
Vesicular  breathine,  339 
Vestibule  of  ear,  601 
Vertebral  plates  of  embryo,  673 
Villi,  Teasels  of,  180 
Vision,  554 

accommodation,  668 

binocular,  592 

inversion  of  image,  665 

light  impressions,  578 

refraction,  563 
Visual  perceptions,  688 

rurple,  685 
capacity,  338 
phenomena,  23 
point  (noend  vital),  340 

Viteflin,  61 

Vitelline  membrane,  664 
veins,  698 

Vitreous  humor,  659 

Vocal  cords,  483 

Vocalization,  mechanism  of,  486 

Voice,  483 


Voice,  nervous  mechanism  of  491 
properties  of  the  human,  488 

Volition,  626 

Vomiting,  116 

Vorticella,  36,  87 

ciliary  motion  of,  87 
contractile  stalk  of,  87 


Walking  and  running,  481 

Warm-blooded  animals,  426 

Water,  71 

Wharton's  duct,  118 

White  substance  of  Schwann,  496 

Wolffian  bodies,  690 


Xanthin  in  urine,  400 


Yawning,  346 
Yeast  plant,  82 
Yellow  elastic  tissue,  60 
Yellow  spot,  578 

structure  of,  633 
Yolk  sac,  the,  663 


Zona  pellncida,  654 
Zymogen,  169 
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THE  POUIZ-COMPENDS? 

A  NEW  SERIES  OF  COMPENDS  FOR  STUDENTS. 

For  Use  in  the  Quiz  Class  and  when 
Preparing  for  Examinations. 

Prtc*  of  Each,  Bound  In  CtoOi.  11.00    InlertMvtd,  tl.ZB. 


Based  on  the  most  popular  text-books,  and  oa  the  lec- 
ture* of  prominent  professors,  they  form  a  most  complete 
set  of  manu.ils,  containing  information  nowhere  else 
collected  in  such  a  condensed,  practical  shape.  The 
authors  have  had  large  CKjHiricncc  as  quiz  masters  and 
allachis  of  colleges,  with  exceptional  opportunities  for 
noting  the  most  recent  advances  and  methods.  The 
arrangement  of  the  sulijccts,  illustrations,  ty]>cs,  etc.,  are 
all  of  the  most  improved  form,  and  the  size  of  the  books 
is  such  that  they  may  l>c  easily  carried  in  the  pocket. 

No.  L    ANATOMY.    (Illustrated.) 

THIRD  REVISED  EDITION. 
A  Compend  of  Human  Anatomy.     By  .Sami'KL  O.  I.. 
PiiTTF.R,  M.A.,  M.D.,  U.  S.  Army.  With  63  Illustrations. 

"The  work  is  reliable  and  complete,  anil  jusl  whitt  the  sttulcnt 
ncedk  tn  rcvicwiut;  the  snliject  for  nis  cxainin^atloiu.** — TTkt  Ph^ti- 
ctAm  and  Smr^eaiC t  Im'fsti^ttlor,  HufTalo,  N.  Y 

"To  those  dc&iring  to  po»t  themselves  liurricdly  for  cxaniiiulion, 
this  little  book  will  be  useful  in  refreshing  the  memory." — New 
Orlr*Ht  MeJicnl anj Smrrieai  jft^urHni. 

"I'he  arrangement  is  well  calculated  to  Gkcilitate  accurate  memo- 
ri/in^,  and  the  illustralions  arc  clear  and  good." — North  Carviiii* 
Mfdtcmt  'journal. 

N08.  2  and  3.    PRAOTIOB. 
A  Compend  of    the   Practice  of    Medicine,  csficcially 
ada|>led  to  the  use  of  Studenls.  By  Dan'l  E.  Hui;iif.s, 
M.I).,  Demonstrator  of  Clinical  Medicine  in  Jelfcrson 
Medical  College,  I'hiladelphia.     In  two  parts. 
Part  I. — Continued,  Eruptive,  and  Periodical  Fevers, 
Diseases  of  the  Stomach,  Intestines,  Peritoneum,  Biliary 
1'as.s.igcs,  I.iver,  Kidneys,  etc.,  and  General  Diseases,  etc. 
I'AKT  11. — Diseases  of  the  Respiratory  System,  Circu- 
latory System,  and   Nervous  System ;   Diseases  of  the 
Blood,  etc. 

*^  These  little  books  can  be  regarded  as  a  full  set  of 
notes  upon  the  Practice  of   Medicine,  containing  the 
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Synonyms,  Definitions,  Causes,  Symptoms,  Prognosis, 
Diagnosis,  Trc.iinicnl,  etc.,  of  each  disease,  and  inclnd- 
ing  a  num!)er  of  new  prescriptions.  They  have  been 
com])ile(l  from  ihe  lectures  of  prominent  I'rofessors,  and 
reference  has  licen  made  to  the  latest  writings  of  l^o- 
fcssors  Flint,  Da  Costa,  Revnolds,  Bartholow, 
RonHRTs  and  others. 

"  It  U  brief  and  concise,  and  at  ihc  same  time  poss&^u  an  accu- 
racy not  generally  found  in  compcnds." — yaj.  St.  French,  M.D., 
Ast't  to  the  prof.  ^Fracticf,  MtJittii  CoiUjf*  of  Ohio,  Cituinmmti. 

"The  l>ook  KcniK  ven-  concise,  yet  very  comprehensive.  .  .  . 
An  unmtutlly  superior  f«x>k." — Dr.  E.  P.  Brufn,  DemonttrtUor 
of  Ctinical  Mfdicine,  Unit'ertity  of  Pmntytfanm, 

"  1  have  used  it  considerably  in  connection  with  tny  branches  in 
the  Quix-clavs  of  the  University  of  La."— y.  //.  Btmist,  Nnu 
Of  leans. 

"  Vr.  Hughe*  has  prepared  a  very  iixcful  little  book,  and  I  shall 
take  pIcBSiiirc  in  advitin^  my  class  to  uie  it." — Dr.  Gtorgw  W. 
Halit  Profeiiort^f  Practict,  St.  L^tuu  Coiie^  of  Pkyttdant  and 
Smrgtont, 

No.  4.    PHYSIOLOGY. 

A  Compcnd  of  Human  Physiology,  adapted  to  the  use 
of  Studeols.  liy  Ai.HKRT  R  Urubaker,  M.D.,  De- 
monstrator of  Physiology  in  Jefferson  Medical  College, 
Philadelphia. 

"  Dr.  Urubakcr  deserves  the  hearty  th;inks  of  meilical  students 
for  his  L'am^nd  of  PhysMoof-  He  has  arran^ct]  the  fiindamcnial 
and  practical  principles  of  the  scirnce  in  a  peculiarly  inviting  and 
accessible  manner.  1  have  already  intro<tuccd  the  work  to  my 
class."— ^/a«rif/ A'.  MiUer,  M.D.,  Imtrucifrr  in  PrtKiicai  f/ii- 
t0i9gy,formerly  Demonstrattfr  of  i'hyttoiogy,  Umhtrsiiy  City  of 
New  York, 

**  'Quif-Compend '  No.  4  is  fully  iip  to  the  hieh  standard  estab- 
lished oy  its  predecessors  of  the  same  series." — Medical  BuUetin, 
Phiimdei^hia. 

"  I  can  recommend  it  as  a  valuable  aid  to  the  student."— C  N. 
Ell inif9od t  M.D.,  Prof tiior  t^  Physiology,  Caofer  Medical  C»i- 
ieffetSan  /''rameisco.- 

"  ThU  ts  a  well  written  little  book."— /.^w^«  l^tnctt. 

No.  5.    OBSTETRICS. 
A  Comiienil  of  Otistdrics.    For  Physicians  and  Slutlenls. 

liy  Henry  G.  Landi.s,  m.d.,  I'rofessor  of  Obstetrics 

and  Diseases  of  Women,  in  Starling  Medical  College, 

Columbus.     Illustrated. 

"  Wc  have  nodotiht  that  many  itudcnts  will  finil  in  il  a  moftt  vaU 
lutile  aid  in  preparing  fur  cx.iminatioo." — TJke  Amfric*H  J^purtut/ 
e/  Okstttrict. 

"  It  i^  coniplcie,  accurale  and  ftcicntific.  The  very  bol  book  of 
iu  kind  I  have  wen."— y.  S.  Knax,  M.D.^  Lecturtr  an  OhiUtrut 
Kuth  Mtdicat  Collegt,  Chkagt. 

Price  ol  each  Booh,  Cloth,  tt.OO.    Interleived  lor  Notes,  II.2S. 
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"  I  hatM  bMB  teadiat  h  thb  dcnutacat  far  aan  VMis,  aad 
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CTOTic  nd  eoHpiHMBtivB.  but  Dfflcf  MH  polt>d«"-">/Vw^  ^.  ^, 
KM«,5lr..£«iriir. 

Na  O.  XATBBIA.  ICBDIOA.  Bevlsed  BiL 
A  Conmeod  on  MoteiU  Medica  and  Therapeutic*,  with 
eapecial  refeience  to  the  Phraolo^nl  Actions  of 
Dnsi.  For  the  nae  of  Medical,  Dental,  and  Pharma- 
centolStndeniiaadPtactitionen.  Baaed  on  the  New 
Keraion  (Sixth)  of  the  U.  S.  Fharmacoporia,  and  in- 
dading  many  nnoffidnal  lemediea.  By  Samuel  O. 
L.  mtinr,  iLA.,if.D.,  U.  S.  Army. 

"  I  lum  mmtimA  Ac  Bnk  votaaM  euafiillr,  and  bid  it  Jnit 
raeh  ■  book  ■■  I  nqnin  la  »  prints  Qal>,  aaa  diall  cntihily  re- 
ooaaead  h  to  ay  ntmm.  Vaw  Conpeadi  are  all  popaiar  here  ia 
WadibwUB.**— JUa  M.Brme»M,  MM..  Pr^nur  tf  Mmttri* 
MtJkmmmd  ntrmfMtM,H»mmrd  tbJkal  CMtp,  IKuU^tm. 

"PaitoranftaaernaaDbatTaliiaUeleztJMioks.  .  .  .  While 
the  work  ii,  owlaa  ta  in  Ihaapcndc  contcais,  awic  naefiil  to  the 
medical  •tudcnt,  tne  ahanaaeeolieal  itndent  may  derive  much  uk- 
ful  lofenoaUoD  from  It."— iV.  K  Pkarm»cnMc»l  KtetrJ. 

Na  7.    CHBMI8TR7.    Revised  Bd. 

A  Compend  of  Chemistry.  I^  G.  Mason  Ward,  m.d.. 
Demonstrator  of  Qiemistry  in  Jeflerson  Medical  Col- 
lege, Philadelphia.  Including  Table  of  Elements  and 
various  Analytical  Tables. 

"  Ilrief,  but  excellent.  ...  It  will  doubtless  prove  an  admirable 
aid  to  the  student,  by  fixins  these  tacts  in  his  memory.  It  is  worthy 
the  study  of  both  medical  and  pharmaceutical  students  in  this 
branch.*  — J*harmMceuticml  Rtcord,  New  i'ork. 

No.  a    VI80BRAI.  ANATOMT. 
A  Compend  of  Visceral  Anatomy.     By  Samuel  O.  L. 
I'OTTKR,  M.A.,  M.U.,  U.  S.  Army.   With  40  Illustrations. 

*«*  This  is  the  only  Compend  that  contains  full  descriptions  of  the 
viscera,  and  will,  together  with  No.  t  of  this  series,  form  the  only 
com/itte  Cffm^mJot  Anatomy  published. 

No.  0.  SUBOBRT.  nittatrated. 
A  Compend  of  Surgeiy ;  including  Fractures,  Wounds, 
Dislocations,  Sprains,  Amputations  and  other  opera- 
tions, Inflammation,  Suppuration,  Ulcers,  Syphilis, 
Tumors,  Shock,  etc.  Diseases  of  the  Spine,  Ear,  Eye, 
Bladder,  Testicles,  Anus,  and  other  Surgical  Diseases. 
By  Orville  Horwitz,  a.m.,  m.u.,  with  43  Illustra- 
tions. 
Price  of  Each,  CMi,  |t.OO.   Iiilwtaa«t4  tor  N«lt*.  II.2B. 


49-An  EncyclopiKdi*  of  Medical  Knowlbdge.'O 

INDEX  OF  DISEASES; 

WITH  TREATMENT  AND  FORMULA. 

By  THOS.  HAWKBS  TANNER,  M.D. 

REVISED  AND  ENLARGED  BY  DR.  BROADliENT. 

Octavo,  Cloth.    Price  $3.00. 

%*  The  worth  of  a  work  of  this  kind,  by  so  eminent  a  professor 
as  Dr.  Tanner,  cannot  he  over-estimated.  As  an  aid  to  physicians 
and  druggists,  both  in  the  country  and  city,  it  must  be  invaluable. 
It  contains  a  full  list  of  all  diseases,  arranged  in  alphabetical  order, 
with  list  of  funniilx,  and  appendix  giving  points  of  interest  regard- 
ing health  resorts,  mineral  waters,  and  information  about  cooking 
and  preparing  food,  etc..  for  the  invalid  and  convalescent.  The 
page  headings  are  so  inacxed  that  the  reader  is  enabled  to  find 
at  once  the  disease  wanted ;  its  synonyms,  classification,  varie- 
ties, description,  etc.,  with  the  course  of -treatment  recommended 
by  the  best  authorities,  and  is  referred,  by  number,  to  the  Several 
prescriptions  that  have  proved  most  cfficacioas.  I'hese  prescrip- 
tions are  also  arranged  so  that  they  can  be  easily  referred  to,  with 
directions  how  to  use  them,  when  to  use  them,  and  what  diseases 
they  arc  generally  used  in  treating.  The  directions  for  cooking 
foods  ana  preparing  poultices,  lotions,  etc.,  are  very  full.  I'he 
work  will  be  found  specially  useful  to  students  and  young  physicians. 

RICHTER'S  CHEMISTRY, 

A  TEXT-BOOK  of  INORGANIC  CHEMISTRY  for  STUDENTS. 
By  PROF.  VICTOR  von  RICHTER, 

Universtiy  of  Bresiam, 

Atn'HORiZED  Translation  from  thk  Third  German  Edition, 

By  EDGAR  F.  SMITH,  M.A.,  Ph.D., 

Professor  of  Cfumistry  in  Wittenhtrr  Collegr ,  Serine felii^  Ohio: 

foTMerfy  in  the  Laooratories  of  the  University  of  Fennsyl- 

vania;  Member  of  the  Chemical  Society  of  Berlin, 

12mo.  89  Wood-cuts  and  Col.  Lithographic  Plata  of  Spactra.  $2.00 

In  the  chemical  text-books  of  the  present  day, one  of  the  striking 
features  and  difhculties  we  have  to  contend  with  is  the  separate 
presentation  of  the  theories  and  facts  of  the  science.  These  are 
usually  taught  apart,  as  if  entirely  independent  of  each  other,  and 
those  experienced  in  teaching  the  subject  know  only  too  well  the 
trouble  encountered  in  attempting  to  set  the  student  properly  in- 
terested in  the  science  and  in  bringing  him  to  a  clear  comprehension 
of  the  same.  In  this  work  of  Hkof.  vun  Richtkk,  which  has  l>ecn 
received  abroad  with  such  hearty  welcome,  two  editions  having 
been  rapidly  disposed  of,  theory  and  fact  are  brought  close  together, 
and  their  intimate  relation  clearly  shown.  From  careful  observa- 
tion of  experiments  and  their  results,  the  student  is  led  to  a  correct 
understanding  of  the  interesting  principles  of  chemistry.  The  de- 
scriptions of  the  various  inorganic  substances  are  full,  and  embody 
the  results  of  the  latest  discoveric!.. 

In  preparation,  '*  ORGANIC  CHEMISTRY,"  Ily  the  same 
author.    Translated. 


STUDENTS'  MANUALS. 


TYSON,  ON  THE  URINE.  A  Practical  Guide  to 
the  Examination  of  Urine.  For  Physicians  and  Stu- 
dents. By  James  Tyson,  m.d..  Professor  of  Path- 
ology and  Morlrid  Anatomy,  University  of  Pennsylva- 
nia. With  Colored  Plates  and  Wood  Engravings. 
Fourth  Edition.  i2mo,  cloth,  $1.50 

HEATH'S  MINOR  SURGERY.  A  Manual  of 
Minor  Surgery  and  Bandaging.  By  Christopher 
Heath,  m.u..  Surgeon  to  University  College  Hospital, 
Ixtndon.     6th  Edition,     115  111.     i2mo,  cloth,  $2.00 

MUTER'S  ANALYTICAL  CHEMISTRY.  Prac- 
tical and  Analytical  Chemistry.  By  John  Mitter, 
M.ii.  8vo,  cloth,  I3.50 

VIRCHOW'S  POST-MORTEMS.  Post-Mortem 
Examinations.  A  Description  and  Explanation  of  the 
Methods  of  Performing  them.  By  Prof.  Rudolph 
ViRcilow,  of  Berlin.  Translated  by  Dr.  T.  B.  Smith. 
2(1  Kd.     4  Lithographic  Platfs.         l2mo,  clolh,  I1.25 

DULLES-  ACCIDENTS  AND  EMERGEN- 
CIES. What  To  Do  First  in  Acci<Ients  .and  Emer- 
gencies. A  Manual  Explaiiiinj;  the  Treatment  of 
Surgical  and  other  Accidents,  Poisoning,  etc.  By 
CiiARi.KS  W.  Dui.i.ES,  M.D.,  Surgcon  Out-door  De- 
partment, Presbyterian  Hospital,  Philadelphia.  Col- 
ored Pl.itc  and  other  Illustrations.        32mo,  cloth,  .75 

BEALE,  ON  SLIGHT  AILMENTS.  Their  Na- 
ture and  Trc.itment.  By  1-ionki.  .S.  Bf.ale,  M.r>., 
I  .R.s.  Second  Edition.  Revised,  Enlarged  .and  Illus- 
trated.    2S3  pages.     8vo. 

Paper  covers,  75  cents;  cloth,  $1.25 

ALLINGHAM,  ON  THE  RECTUM.  Kistul.e, 
Hemorrhoids,  Painful  Ulcer,  .Stricture,  ProKapsus,  and 
other  I  >iseases  of  the  Rectum ;  Their  Di.agnosis  anil 
Treatment,  liy  Wm.  .Xi.i.inc.iiam,  m.d.  Fourth  Re- 
vised and  KnKarged  Edition.     Illustrated.     S»o. 

l'.a]H;r  covers,  75  cents;  clolh,  $1.25 

THOMPSON,  ON  THE  URINARY  ORGANS. 
On  Diseases  of  the  Urinary  Organs.  By  Sir  IIksry 
TllnMl'SON,  M.D.,  F.R.c.s.  Seventh  Edition.  84  Illus- 
trations.    Kvo.      Pajicr  covers,  75  cents;  cloth,  f  1.25 


STUDENTS'  MA^a;ALS. 


MARSHALL  AND  SMITH,  ON  THE  URINE. 

Tlie  Clicmicnl  Analysis  of  the  Urine.  liy  John  Mak- 
SHAl.t.,  M.D.,  Clieiiiical  Lalmralory,  Universily  of  Pcnn- 
svlvania,  and  Prcjf.  E.  K.  Smith.  IlUis.  Cloth,  Ji.oo 

MEARS'  PRACTICAL  SURGERY.  Surgical 
Dressings,  Uamlaging,  Li(;.ition,  Amputation,  etc.  By 
I.  EwtNc:  Mears,  m.d.,  Demonstrator  of  Surgery  in 
IcffeiTion  Mcvl.  Collcpc.  227  lllus.    2d  Ed.     /«  Prtss. 

BENTLEY'S  BOTANY.  Student's  f.uide  to  Struc- 
tural, Morphological,  Physiological,  .Systematic  and 
Economical  Itotany.  By  Prok.  Robkrt  Bknti.IvV. 
1000  Illustrations.  In /Ws!. 

BLOXAM'S  LABORATORY  TEACHINGS. 
Progressive  Exercises  in  Practic.-il  Chemistry.  Hy  I'koi.'. 
C.  I..  Bl.iiXAM.     8<)  Illustrations.     1 2mo,  cloth,  $1.75 

TYSON,  ON  THE  CELL  DOCTRINE;  its  His. 
tory  and  Present  State.  By  Prof.  Jamks  Tyson,  m.ii. 
Second  Edition.     Illustrated.  l2mo,  cloth,  $2,00 

MEADOWS'  MIDWIFERY.  A  Manual  for  Stu- 
(Icnls.  Ily  .\r  FRKli  Mf.aim>ws,  M.h.  From  Fourth 
I-onilon  Edition.     145  Illustrations.    8vo,  cloth,  52.00 

WYTHE'S  DOSE  AND  SYMPTOM  BOOK. 
Containing  the  Doses  and  Uses  of  all  the  principal 
Articles  of  the  M.iteria  Mcdica,  etc.  Eleventh  Edi- 
tion.        32mo,  cloth,  $1.00;  fx>cketl)Ook  style,  #1.25 

PHYSICIAN'S  PRESCRIPTION  BOOK.  Con- 
laining  Lists  of  Terms,  J'hrases,  Contractions  and 
Abbreviations  used  in  Prescriptions,  Explanatory  Notes, 
Grammatical  Construction  of  Prescriptions,  etc.,  etc, 
By  Prof.  Jonathan  Pkricira,  m.u.  Sixteenth  lull, 
tion.         32mo,  cloth,  li.oo;  pocket-hook  style,  $1.2$ 

POCKET  LEXICONS. 

CLEAVELAND'S  POCKET  MEDICAL  LEXI- 
CON. A  Medical  Lexicon,  containing  correct  Pro. 
nunciation  and  Defniition  of  Terms  used  in  Medi- 
cine and  the  Collateral  Sciences.  Thirtieth  Edition. 
Very  sm.ill  jmcket  siie.     Red  Edges. 

Cloth,  75  cents;  (Mcket-book  style,  $l.oo 

LONGLEY'S  POCKET  DICTIONARY.  The 
Student's  Medical  Lexicon,  giving  Definition  and  Pro- 
iiunciaTiori  of  all  Terms  used  in  Medicine,  with  an 
Appendix  giving  Poisons  atid  Their  Antidotes,  Abbre- 
viations used  in  descriptions,  Metric  .Scale  of  Doses, 
•tc.  24mo,  cloth,  {1. 00;  pocket-book  style,  f  1.25 


ROBERTS*  PRACTICE 

Tatu  Mammtm. 

J.irm^  A/rtW  CMf*xf  timpani ^  y^tr  ^wi  haPT-itni  CMtt£t4, 
lU»ka/'t  C^U^xtu  Aftrmt'rtAt^  Unh^rsttjt  a/ Mi<:^t£0nt  and 
ffvfr  twcnfjf  Mhrr  Mfdi*'nl  Sditois. 
_  IlANtimwiK   OF  THE  TrCKORY   AND   PRACTICE  y}\f 
XtKDiCtNK.      t^y    Fmupukick  T.    R'^uhkt^.   n.xt.,  u.KX.r., 
|'rnft«»rjr  of^  i.UfiLiLial  Medicine  xtn\  'i'hcrjjKJuiic*  in  UnawersUy 
I'ltlk^f  ll><*rilv,i[|  Lt-iscffiiii.     Fifth  E4kif.in.     OtUva 

CLOTH.  (6.00;  LEATHER,  $8.00. 

*.•   'Jiui    nir-    ciliiKjn    (t.i*   ln-tuti    vnkrjc,  Iftii   (<<  .i  »..iri;'fu]    r'-"v  ivtutn, 

Man;^  chapcen  have  beeo  mnitten.  ImporUnt  ahentiou  and 
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